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TRANSACTIONS.

I.—Experimental Researches on the Specific Gravity and the Displacement

of some Saline Solutions. By J. Y. Buchanan, F.R.S.

TABLE OF CONTENTS.

SECTION I.

Introduction.
PAR. PAGE

1. The Principles of Archimedes. Tliey embody the fundamental principles of the hydro- 17

meter. Archimedes considered the immersion of a body in only one fluid, but the

principles hold good when it is immersed in more than one fluid.

2. Hydrometer suitable for Demonstrations on the Lecture Table. It was constructed originally 17

in the year 1871 for use in tutorial classes in the University of Edinburgh, and especially

to exhibit the determination of the specific gravity of solids lighter as well as heavier

than water. A remarkable feature of the instrument is that no determination of

weight is required either in its construction or its use. The only measurements made

are those of length.

3. Usefulness of the Hydrometer in the Study of Mineral Waters. It suggested itself while 19

working as student and assistant of Fresenius (1863-1867), and later as Chemist and

Physicist of the C/iallenger Expedition, during which it was used in investigating some

mineral waters in the Philippine Islands.

4. The Hydrometer in the " Challenger " Expedition. Early preparations for work in the 20

expedition which lasted three and a half years. Indirect methods rejected. Adoption

of the hydrometric method for determining the specific gravity of the water of

the ocean.

5. In designing the hydrometer, units in the fourth place of decimals were to be exact, and 20

the exactness to be pushed as far as possible into the fifth place. Multiple sets of

hydrometers rejected. One suitable hydrometer was designed, and its weight could

be altered by the addition of accessory weights.

6. The series of accessory weights prepared enabled the determination of the densities of all 21

sea-waters, up to and including that of the Red Sea, to be made with the same glass

hydrometer. But in the design of the series only single observations were contem-

plated. Duplicate observations were occasionally obtained. The volume of the

hydrometer was determined by floating it in distilled water at different temperatures.

TRANS. ROY. SOC. EDIN., VOL. XLIX., PART I. (NO. 1). 1
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Full specification is given of the hydrometer and the accessory weights which were

used in all the determinations made during the voyage of the Challenger.

7. Importance of constancy of temperature in the practice of the hydrometric method. This 23

was secured in the Challenger by her construction, and by the climate of the seas in which

she cruised. The laboratory door was always locked while specific gravity observa-

tions were being made. Table VIII. gives the instances of duplicate observations on

identical samples of water with the same hydrometer differently weighted made in situ

during the voyage. In voyages later than that of the Challenger hydrometric observa-

tions were usually made in triplicate, and, later still, in series of nine.

8. Quotation from the Report of the Sixth International Geographical Congress held in 25

London in 1895, dealing with misunderstandings regarding the principle of the instru-

ment and the qualifications required for the successful practice of the hydrometric

method.

SECTION II.

The Principle and Construction of the Closed Hyrdrometer.

9. Experiments assumed to be made in vacuo at the sea-level in lat. 45°. True weight of the 26

hydrometer determined and its approximate volume determined by immersion in distilled

water. Determination of weight of hydrometer in air and allowance for buoyancy

of hydrometer when being weighed, and of exposed stem when floating in the

liquid.

10. Developments of the above for multiple observations. 27

11. Preparation of Accessory Weights. These weights are made of wire, the heavier of brass 29

and the lighter of aluminium. The pressure which they exert on the hydrometer,

when in use, is due to their weight in air.

12. Exposed Stem. The effect of buoyancy of the exposed stem is, in practice, almost 30

inappreciable.

13. Final Determination of the Weight of the Hydrometer. This is effected at different dates 31

and under different meteorological conditions, from which the true weight in vacua

is obtained. A table gives the exact weights in vacuo of hydrometers Nos. 17,

21 and 3.

14r. Experiments for the determination of the displacement of the hydrometer in distilled water, 33

and description of Tables, A, in which these results are recorded.

15. Correction for the Departure of the Mean Readingfrom 50 mm. 35

16. Correction for Temperature. 35

17. Tables A^ to Aj give details of the determination of the displacement in distilled water of 36

hydrometer No. 17 at 15°, 19-5°, 23° and 26° C. ; and of hydrometer No. 21 at 19-5° C.

Table B gives the observed weights of hydrometers Nos. 17, 21 and 3 when floating at

the 50-mm. mark in distilled water at various temperatures.

SECTION III.

Determination of the Specific Gravity of a Saline Solution.

18. Details of tliree series of observations made with hydrometer No. 17 in a solution of 1/8 CsCl 44

in 1000 grams of water at 19'5° C. are given in Table C, which is arranged in the same

manner as Tables A.
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PAR. PAGE
19. Influence of the Meniscus. The weight which causes the immersion of the hydrometer is 46

its own weight plus that of the liquid meniscus which it carries on the stem above the

line of flotation. This holds good when the hydrometer is floating in the solution and

in distilled water alike. Each meniscus exerts the pressure of its own weight and con-

tributes to the displacing weight of the instrument when it floats in the distilled water

and the solution respectively. Data regarding the surface-tension of distilled water and

of saline solutions have been taken from Tables 124 to 129 of the Smithsonian Collec-

tion of Physical Tables, 5th edition, 1910. In a table, in this paragraph, the e0"ect of

introducing the weight of the meniscus in the hydrometric determination of the specific

gravity of some solutions has been calculated, with the result that, for a solution of NaCl

having a specific gravity of 1 'OSS when the weights of both meniscuses are disregarded,

the apparent specific gravity is increased by I '3 in the fifth place of decimals when

efl'ect is given to the weight of both meniscuses. .As the density of average oceanic

water is not greater than 1'027, the influence of the meniscus on its density would be

represented, at the most, by 1 in the fifth place. Therefore my practice, adopted at

the beginning, of disregarding the influence of meniscus on the density of sea-water, as

determined by my hydrometric method, is justified,

20. Serial Determination of the Specific Gravity of a Saline Solution. The table gives the 48

specific gravity of 1/32 RbCl in 1000 grams of water at 19 '5° C. In it the specific gravity

is deduced from each individual observation of four series of nine observations each,

making in all thirty-six independent determinations, and they agree well with each other.

The solutions of twenty-seven salts form the subject of the tables in Section V. They

are KCl, RbCl, CsCl, KBr, RbBr, CsBr, KI, Rbl, Csl, which form the ennead* having

the general formula MR; KCIO3, RbClOg, CsClOg, KBrOj, RbBrOg, CsBrOg, KIO3,

RblOg, CsIOg, which form the ennead having the general formula MRO3 ; and NaCl,

KNO3, RbNOg, CsNOg, LiN03, NaNOj, Sr(N03)2, Ba(N03)2 and Pb(N03)2. The

concentrations of these solutions vary from 1/2 to 1/1024 gram-molecule of salt per

1000 grams of water. In the cases of strong solutions the concentrations were from

1 gram-molecule per 1000 grams of water upwards.

21. Statistics relating to the Range of Variation of Temperature during a Series of Observations. 51

The table gives statistics of the variations of the temperature of the liquid while a total

of 1316 series, of nine observations each, was made with hydrometers Nos. 17 and 21,

namely, 837 with No. 17 and 479 with No. 21. There was no sensible variation of

temperature in 68 per cent, of those made with No. 17, and in 55 '2 per cent, of those

made with No. 21. Considering the series made with both hydrometers for which the

variation of temperature was not greater than 0"05° C, the percentages are almost

identical, namely, 89-5 for No. 17 and 89"2 for No. 21. The maximum departure of

the mean temperature from the standard (T), during any single series of observations,

was 0'12° C. ; the mean departure was0'0075° C. The maximum range of temperature

while a series of nine observations was being made was 0"30° C. ; the mean range cf

temperature for the 1316 series, of nine observations each, was 0'018° C.

SECTION IV.

The Control op the Temperature of the Laboratory.

22-25. The temperature chosen is dictated by the facility of its maintenance. Four such tempera- 52

tures are used, namely, 15°, 19*5°, 23° and 26° C. The great majority of observations

has been made at 19'5° C, which is a suitable temperature for an inhabited room. The

* From the Greek iw^as, which signifies a body of nine.
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maintenance of a, constant temperature in the laboratory requires careful study, details

of wliich, Avith examples, are given. The room used as laboratory should be of moderate

dimensions, because it is to be occupied only by the experimenter, who must have

absolute control over it. It should be illuminated by the light of the northern sky,

and the direct rays of the sun must be absolutely excluded. When these primary con-

ditions are given, the experimenter must do the rest.

SECTION V.

Tables.

26. A. General Tables Nos. 1 to 37, giving, the facts of observation. 61

27. B. Tables Nos. 38 to 61, giving particulars relating to the exactness of the determinations 73

of the specific gravity given in Tables A, in cases in which two hydrometers were used.

28. C. Tables Nos. 62 to 71, giving a summary of the specific gravity of the solutions of 80

different salts at different temperatures.

29. D. Tables Nos. 72 to 81, giving a summary of the increment of displacement, v, caused 84

by the dissolution of ?n gram-molecules of salt in 1000 grams of water at different

temperatures.

30. E. Tables Nos. 82 to 91, giving the values of v/m, that is, the mean increment of dis- 89

placement calculated for the dissolution of 1 gram-molecule of salt in 1000 grams of

water at different temperatures.

31. A. Tables Nos. 92 to 103, giving the facts of observation for strong solutions. 94

32. Tables Nos. 104 to 124, of the Classes C, D and E, for strong solutions, 98

SECTION VI.

General Description of the Tables.

33. Explanation of symbols in tables of Class A. With the exception of the determination 100

of temperature, the result of every series of observations depends only on determina-

tions of weight, and is independent of the work of others. The necessity for study

and practice before the experimenter can be confident of his power to control the tem-

perature of the solution and of the laboratory is insisted on. Failure to appreciate this

has interfered with the general use of the hydrometric method.

34. The measure of the displacement of a body having the temperature T is the weight of dis- 101

tilled water having the temperature T which the body displaces when totally immersed

in the water. Under this definition the unit of displacement is the space occupied by

1 gram of water at T. The symbol for the unit of displacement is G^ or G^ , in which G
represents 1 gram, and T or f the common temperature of the body and of the water

displaced by it. When the unit of weight is the kilogram, the unit of displacement is

expressed by the symbol K,p or K(. The eff'ect of concentration on the displacement

produced by dissolving a given amount of salt in water or in solution is pointed out.

Dilution of solutions for which m is > 1/8 produces contraction ; when m is less than

1/16 expansion occurs in many cases. This could not have been ascertained except by

the liydrometric method.
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35. Discussion of tables of Class B, dealing with the exactness of the results. 103

36-37. Discussion of tables of Class C, dealing with the specific gravities of the solutions. Dis- 104

cussion of tables of Class D, dealing with increments of displacement, and the effect on

the solutions of salts of the double ennead (MR, MRO3) for which m = 1/16 is shown in

a table and a diagram. The tables of Class E exhibit the comparative volumetric effect

produced by dissolving different quantities of different salts in 1000 grams of water.

Each entry in these tables is derived from the corresponding entry, v, in the corre-

sponding table of Class D by increasing it in the proportion m: 1, whence we obtain

the value of vjm.

38. Contains a table giving the specific gravities and the increments of displacement for solu- 105

tions of all the salts of the double ennead (MR, MRO3) for which «i= l/16. The

values of the increments of displacement are also exhibited graphically in a diagram.

SECTION VII.

The Displacement of the Solutions.

39. The changes of displacement produced in a constant quantity of water by the dissolution 107

of successive quantities of a salt in it are compared with those which would take

place under one of two hypotheses.

40. First Hypothesis.—It is assumed that, when a quantity of salt, insufficient for saturation, 108

is dissolved in a quantity of water, it takes possession of the quantity of water which

it requires in order to produce a saturated solution, and saturates it, after which the

saturated solution disseminates itself through the remaining water, forming a simple

mixture with it. If this law is followed by the solutions of a particular salt, then equal

increments of salt dissolved in a constant quantity of water produce equal increments

in the displacement of the solutions. This is expressed by the equation

— = Const.
an

41. Second Hypothesis.—It is assumed that, when a quantity of salt, insufficient to produce 108

saturation, is dissolved in a quantity of water, it exercises no selection, but salinifies

every particle of the water alike, producing a homogeneous solution of uniform concen-

tration ; and that, when a second quantity of salt, equal to the first, is dissolved in this

solution, it intensifies its salinity uniformly and produces an increased displacement,

which bears the same proportion to that of the first solution as the displacement of the

first solution bore to that of the original quantity of water ; further, that when a third

equal quantity of salt is added to the solution of the second quantity, it intensifies its

salinity uniformly and produces an increased displacement, which bears the same relation

to that of the second solution as the displacement of the second solution bore to that of

the first, and as that of the first bore to that of the original water ; and so on. Con-

formity with this law is expressed by the equation

^i2§^ = Const.
an

42. A table for a hypothetical case is given, which affords the means of comparing the effect 110

produced by diluting or concentrating a given solution with that which would be pro-

duced if it took place in terms of the first or second of these hypotheses.

43. When the tables in this memoir are studied, it is found that in the solutions of the majority 111

of the salts the values of di^jdm and vjm reach a minimum for the values of m in the
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vicinity of 1/32, and that they increase whether the concentration is increased or

diminished. In the ennead MR, the solutions of the caesium salts and the iodides

approach most nearly to conformity with the law of the first hypothesis. The solutions

of chlorides and salts of lighter molecular weight conform more nearly to the geometric

law of the second hypothesis.

44. When the solutions of a salt follow strictly the law of the second hypothesis, the general 111

expression for the displacement of a solution containing mMR in 1 kilogram of water

is Am= Aj"', where A^. expresses the displacement of the solution when m=l. When
the solution does not follow this law exactly, the displacement for any particular value

of m is expressed by A„i = Aj''. Then the degree in which the solution conforms to the

law is indicated by the difference x-m when in is greater than 1. For solutions where

m is less than 1, and is expressed by vulgar fractions, the expression a;-m is replaced

by 1/m - Yjx.

45. The displacements of most of the solutions are treated in this sense in Tables I. to VII. 112

Tables VIII. to X. give for a number of solutions the values of log A„i/iog A„= a; ; or,
~2

the exponent of the displacement A,„ when the exponent of A is taken as unity. If

the solutions conform to the geometric law of the second hypothesis, the value of x is 2.

SECTION VIII.

Comments on the Chakgbs in the Values of (i A - u for Different Values of m in the

Case of Solutions op Individual Salts of the Type MR and MRO3.

46. The increment of displacement {v) due to the dissolution of m gram-molecules of a salt in 1000 116

grams of water may be looked on as being the result of two operations, namely ; (a) the

dissolution of m/2 gram-molecules of the salt in 1000 grams of water, which produces

the first increment of displacement ; and (b) the further dissolution of m/2 of salt in the

solution so formed, which produces the second increment of displacement. These incre-

ments of displacement are rarely alike ; the second portion of salt dissolved generally

produces a greater increment of displacement than the first, and this has been very

generally held to be the law. One of the principal motives for making this research

was to find oiit, by the use of the more refined hydrometric method, if there is any point

in the dilution of a saline solution at which further dilution is accompanied by expansion

in place of contraction. The general result of the Avork is to show that in the solutions

having the concentrations here used, where m is less than 1/16, cases of expansion on

dilution are not uncommon. A table gives the values of m for which the value of

c? A - w is positive and becomes negative for the next lower value of m. That is, the

value of cZA - w changes sign at some concentration lower than that indicated by m and

higher than that indicated by w2/2.

47. The method of treating the displacements of the solutions of the salts of the enneads 117

MR and MRO3 is described in the case of solutions of KCl.

48. The influence of possible error in the determinations of specific gravity on the values of 118

cZA - u is discussed.

49. A table furnishes evidence of the agreement in the results obtained by different experi- 119

menters at different dates and using different instruments.

50. A specimen table indicates the stages in tlie calculations used in the discussion of the 121

values of v and rZA in the case of solutions of KCl of different concentrations.
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51-52. Tables I. to XVIII. illustrate the method of arriving at the volumetric effect produced 123

by changing the concentration of solutions of each of the salts of the two enneads.

53. Summary table giving the volumetric effect j^roduced on changing the concentration of 129

certain solutions of these salts.

54. Remarks on the tables referring to solutions of the salts MR. 129

55. Remarks on the tables referring to solutions of the salts MRO3. 131

SECTION IX.

Notes on the Values of v for the Enneads MR and MRO3.

5G. Tables I. and II. give details regarding the change of displacement in solutions of salts of 132

the ennead MR when changes are effected in the metal or the metalloid of the salt.

57. Tables III. and IV. give corresponding values for solutions of salts of the ennead MRO3. 134

Table V. gives corresponding differences between the value of v in solutions of salts of

the ennead MRO3 when RO3 is replaced by R.

58. Remarks on the tables relative to solutions of the ennead MR. 135

59. Remarks on the tables relative to solutions of the ennead MRO3. 137

60. Consideration of the effect produced on their solutions by the addition of the three oxygen 139

atoms to the salts of the halides to form the corresponding salts of the oxyhalides.

61. A general comparison and summary of the variation in the values of the mean increment of 139

displacement for dilute solutions of salts of the two enneads MR and MRO3. Diagram

illustrating the variation of v/m with m for values of m= 1/32 to 1/512.

62. The eighteen salts of the double ennead (MR, MRO3) can be divided into three hexads, 142

the members of each hexad containing a common metallic element K, Rb or Cs, and

into three other hexads having a common nietalloidal element CI, Br or I. The relation

between the values of v/m and m for the three hexads having the nucleus CI, Br or I

for solutions 1/32 gram-molecule of salt and under are represented graphically in the

diagram in §61.

63. Consideration of the order in which the salts of each hexad follow each other when 142

arranged in ascending order of v/m without paying attention to their numerical values.

Graphic representation of each hexad of salts by a hexagon, the centre of which is

occupied by the common element, metal or metalloid, as nucleus. The angles of the

hexagon are supposed to be occupied by the residues of the salt after the abstraction of

the common element, arranged in ascending order of magnitude of v/m, the lowest value

occupying the lowest angle on the paper, and the other values occupying the other

angles seriatim in ascending order of magnitude and going round from left to right.

Inside each hexagon we have the common element M or R, and above it the value of ?n

for the particular concentration. For concentrations higher than m = 1/64 the arrange-

ment of residues is the same as that given for m = 1/64 in the six hexagons corresponding

to the common elements CI, Br, I, K, Rb, Cs. The hexagon corresponding to the

nucleus R and concentration m is represented by the symbol m [R], as, for example,

1/64 [CI]. The residues of the hexad after the abstraction of the common element CI

are K, Rb, Cs, KO3, Rb03, CsOg, and these residues, in conformity with the values of

v/m which correspond to them, follow each other in this order round the corners of the

hexagon considered.

64-66, Twelve hexagons of type m[R] and twelve of type ?;i[lVI] are given in the text, and the 144

different ordinal sequences of the residues for different hexads as exhibited in the

hexagons are fully discussed.
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Experimental Observations on the Displacement op Solutions of Sodium Chloride.
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67. Although sodium chloride is not a member of the enneads which form the principal material 148

of this research, its importance in nature justifies its inclusion in it. General table of

results of experiments made on solutions of sodium chloride varying in concentration

from 1 gram-molecule to 1/512 gram-molecule per 1000 grams of water.

68. Preparation of solutions forming arithmetic series. 149

69. Tables giving results of solutions for which m forms a geometric series of the usual type. 150

70. Discussion of specific gravity. 150

71. Discussion of displacement. 150

72. Experiments on solutions forming arithmetic series. 151

73. Series of experiments on solutions having the common difference dm = 1/128. 151

74. Discussion of differences of displacement. Table confirming the reality of the remarkable 151

changes of displacement in high dilutions.

75. Table giving further confirmation of this. 152

76. Table giving series of experiments on solutions having the common difference of concentra- 153

tion dm = 1/64.

77. Discussion of displacement and differences of displacement. 153

78. Diagram giving graphic representation of remarkable changes in the values of vjm at high 154

dilution.

SECTION XI.

The Principle and Construction of the Open Hydrometer.

79. The hydrometer is left open so that its weight may be increased or reduced by additions 155

to, or removals from, its ballast or internal load. The extent to which additions can

be made to the weight supported by the stem of the instrument is limited by its stability.

The Challenger hydrometer, which was closed, could be used in a saturated solution

of sodium chloride carrying an accessory weight of 32 grams. In a solution of greater

density, the external weight required produced a "list."

80. The open hydrometer may be of the same size as the closed instrument, and is made after 155

the ordinary pattern, but the millimetre scale is etched on the stem, the paper scale

being impossible when the internal load is to be varied. When concentrated solutions

of salts which are both very soluble and very expensive are used, it is convenient to

use a hydrometer of less bulk than that of the closed instrument.

81-84. The weight of the instrument is not constant, because the internal ballast is altered from 157

time to time, and the weight of the air in the hydrometer varies with the meteorological

conditions. The first step in the preparation of the hydrometer for use is to weigh the

glass instrument empty as it comes from the glass-blower. It is then weighed with

the ballast (lead shot) in it. Knowing the density of the glass and that of the lead,

we obtain the volumes of the glass and the lead respectively. When the instrument is
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immersed in distilled water and accessory weights are added until it floats almost totally

immersed in the water, the sum of the accessory weights, the weight of the glass, and

that of the lead give the weight of the water displaced, and from this the external

volume, or the displacement, of the instrument is obtained. The volume of the air

inside the hydrometer is then given by the difference between the external volume of

the instrument and the sum of the volumes of the glass and lead. Full details of the

experimental work required in order to obtain the exact weight of the hydrometer

under particular conditions are given.

SECTION XIL

NuMEBiCAL Details illustrating the Use of the Open Hydrometer.

85. Details are furnished relating to the experimental determination of the weight of the 165

liquid displaced by the instrument designated Hydrometer A.

86. Scheme for logging the observations made with the hydrometer in the experimental 167

liquid at the selected standard temperature, T. A table gives numerical examples using

(a) distilled water, and (b) a 7 gram-molecule solution of rubidium chloride.

87. Correction for the buoyancy of the non-immersed portion of the stem. As in the case of 169

the closed hydrometer, this is practically inappreciable.

88. The degree of accuracy attainable l)y the use of the open hydrometer is illustrated by the 169

results of five series of observations, each series consisting of eleven independent

observations, made in a solution of calcium chloride containing 6*3 gram-molecules of

CaCig in 1000 grams of water. Of the five series, three were made vvith hydrometer A
and two with hydrometer B. The values of the mean specific gravities, S, furnished

by each series and its probable error ( ± r^), expressed in units of the sixth decimal place,

are collected in a table.

89. Precautions to be taken in order to secure trustworthy results. My practice in the 171

CJiallenger was, when I began hydrometric observations, to lock the door, and I still

adhere to this practice. Attention is called to the effect of the low specific heat of

concentrated solutions, such as 6 3 CaClg, in increasing the thermal nimhleness of the

solution.

.90. Table of specific gravities calculated from single observations made with hydrometers A 172

and B when floating in a solution of calcium chloride containing 6"3 gram-molecules of

CaClg in 1000 grams of water. This table includes the individual observations the

means of which were given in § 88.

SECTION xm.

On the Specipic Gravity and Displacement of Solutions op Salts of the Ennead MR which

HAVE nearly the SAME MoLECULAR WEIGHT AND MAY BE LOOKED ON AS " ISOMERIC."

91. These salts are RbCl, KBr,K 51+1. 172

92. A table gives the results of specific gravity determinations made upon the solutions of 173

these salts at 19 "5' C.

93. The solubility of each of the above salts was determined. 174-
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94. The specific gravities of the solutions were adju'^ted to the value which they would have if 174

their gram-molecules had the uniform weight 121, which is the actual molecular weight

of tlie heaviest of the three, namely, rubidium chloride. This adjustment of the

molecular weights does not materially affect the relations of the solutions as regards

their specific gravities. The displacements of these solutions are compared.

95. The differences of displacement are discussed. 175

96. The displacement of solutions of the artificial isomer (K
) is considered in reference 176

to the displacement of solutions of the constituent salts.

97. Comparison of displacement of solutions of the artificial isomer as obtained by experiment 177

and as calculated.

SECTION XIV.

The Specific Gravity and the Displacement of Solutions of the Chlorides of

Beryllium, Magnesium and Calcium.

98. Preparations of weak solutions—m = 1/2 to 1/1024—of each of the three salts, and of strong 178

solutions of MgCl2 and CaCla for 7n = 1 up to supersaturation. The solutions saturated

with MgClj and CaClj at 195° C. contain 5'918 and 6'613 gram-molecules respectively

in 1000 grams of water. A supersaturated solution of magnesium chloride contained

5 982 MgClg in 1000 grams of water. This solution was formed with moderate absorp-

tion of heat and crystallised very readily. The supersaturated solution of calcium

chloride contained 7 '225 CaClj per 1000 grams of water. This solution was formed

with great absorption of heat, and offered considerable resistance to crystallisation. It

was found that when the quantities of the crystallised salt MgCl26H20 and water used

were such as to produce a solution containing about 2 MgClj per 1000 grams of water,

there was an appreciable liberation of heat. When further salt was dissolved this gave

place to absorption of heat, and, at saturation, the temperature of the solution was lower

than the initial temperature of the water used.

99. Table giving the results of specific gravity determinations made upon solutions of 179

the chlorides of beryllium, magnesium and calcium of different concentrations at

19-5° C.

100. While the bases BeO, MgO and CaO give an alkaline reaction with litmus paper, the 180

chlorides of magnesium and calcium are neutral, while that of beryllium is acid. The

beryllium chloride solution was made from the sulphate by double decomposition with

barium cliloride. The more dilute solutions were prepared by diluting the more con-

centrated ones. The specific gravities of the strong solutions were made with open

hydrometers A and B, and those of the weak solutions with closed hydrometers Nos. 3

and 17. Comparison of (S - 1) with m. A table is given from which it is apparent that

the values of (S - 1) produced by dissolving 1/2 MR in 1000 grams of water are exactly

proportional to the molecular weights of the salts in the case of MgClj and CaClj,

and that this proportionality is maintained for values of m= l/16 and 1/128. In

the case of beryllium chloride the proportionality fails. The specific gravities of

the solutions of beryllium chloride for which m = 1/512 and to= 1/1024 fall below

unity, from which it follows that the displacement of these two solutions must be

greater than the sum of the displacements of the salt and water which they

respectively contain. The values of dS for solutions of CaClj which are near

saturation are discussed.
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101. Discussion of the values of d^/dm and v/m especially for solutions for which m is less 182

than 1.

102. The values of dA-vave discussed. The principal feature of the table illustrating them 183

is the pronounced expansion which accompanies the dilution of solutions of beryllium

chloride for which m is less than 1/16.

103. The relations between the exponents of the solutions x and m are discussed, and a table 184

of the values of log A„,/log A,„ for solutions of each of the three salts is given.

SECTION XV.

On a Remarkable State op Unrest in a Supersaturated Solution of

Calcium Chloride before Crystallising.

104. The supersaturated solution was 7 '225 CaCl2 + 1000 grams of water. It was expected that 185

this solution would crystallise easily and furnish a truly saturated solution. As it

showed no inclination to crystallise although every opportunity was offered it to do so,

it was adopted as an example of a supersaturated solution peculiarly adapted to closer

study. Table I. contains the constants of the open hydrometers A and B, as loaded for

the experiments of this section, (a) when floating in distilled water, and (6) when float-

ing in the supersaturated solution of calcium chloride.

105. The experiments showing the state of unrest were made 11th May 1910, in the Davy- 186

Faraday Laboratory. A series of observations had been made with each hydrometer,

and further observations were proceeding when it was noticed that discrepancies between

successive readings and corresponding ones in the earlier experiments made with the

same added weights were occurring, and that these were far greater than any which

could be attributed to error of observation. They persisted while four series of obser-

vations were made, two sets with each hydrometer, and were so great that in the fifth

series of observations it was necessary to reduce the initial added weight in order that

the complete series of observations might be made. The temperature of the solution

was perfectly constant at 19"5° C. during each series.

106. After removal of the hydrometer from the experimental solution on completion of the fifth 187

series of observations, the solution was stirred as usual with the standard thermometer,

and its temperature was found to be 19'50°, that of the air being 19"30°. It was not

until after these observations had been made that a cloudiness indicating the commence-

ment of crystallisation appeared in the solution. It increased rapidly, and the tem-

perature rose smartly to 23' 16° C, and remained constantly at that temperature from

1.10 p.m. to 2.35 p.m., a period of 85 minutes, when tlie temperature began to fall.

The supersaturated solution (7'225 CaClg-l-lOOO grams of water) contained 44'48 per

cent. CaClg. When the temperature of the mixture of crystals and solution had

fallen someAvhat, the cylinder was placed in water having the temperature 19'3°, and

was cooled to 19'5°. The mother-liquor was then found to have the specific gravity

1-423500, and to contain 42-33 per cent, of CaClj.

107. The crystals along with the mother-liquor were then heated in the cylinder to a tempera- 187

ture of 30° C. by placing the cylinder in a water-balb of about that temperature, and

keeping it there until tlie crystals were redissolved. The system was then allowed to

cool in the air, the temperature of which remained constant at 19-3°, and the tempera-

ture of the cooling liquid was taken at intervals of 30 seconds. The series of observa-

tions extended over 41 minutes, during which the temperature fell from 23-82° to
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21 '99°, and the solution remained liquid to the end. The cooling had proceeded

for 13 minutes before the temperature fell to 23"16°, and the loss of heat was

taking place quite regularly. -The following are the temperatures observed at each

^ minute for 2 minutes before and 2 minutes after the temperature of 23"16° was

passed :

—

Time in minutes :
-2-0 -1-5 -TO -0-5 00 +05 I'O 1-5 20

Temperature: 23-23° 23-21° 2319° 23-17° 23-16° 23-14° 23-12° 23-09* 2307°

During the 4 minutes the temperature fell 0-16°, whence 0-04° per minute represents

the mean rate of fall of temperature when the system has the temperature 23-16° and

is cooling in air of constant temperature 19-30° C.

108. Calculation of Heat liberated during Crystallisation. When crystallisation was started, 188

the temperature of the system rose in less than a minute from 19-5° to 23 '16°. During

this phase the temperature of the cylinder with its contents was raised 3-66°. The

heat liberated in this act was found to be 2217 gram-degrees (gr.° C). During the

second phase the rate of liberation of heat was equal to its rate of dissipation, which

was represented by a fall of temperature of 0-04° per minute. This was maintained

for 85 minutes, which requires a liberation of 2059 gr.° C. of heat; so that the total

heat liberated in the act of crystallisation was 4276 gr.° C.

109. Verification of the constitution of the crystals as CaCl26H20. According to Thomsen, the 188

heat of solution of CaCl26H20 is —4340 gr.°C. ; therefore on thermal evidence alone

215-5 grams or 0-984 CaCl._,6H20 has separated out. On the basis of analytical estima-

tions made on the supersaturated solution and the mother-liquor, 210-3 grams or

0-96 CaCl26H20 must have sei^arated out. The agreement of these two computed

values is excellent.

110. Descri[ition of Tables 11a. and IIb. In Table IIa. are given the individual observations 189

of specific gravity forming together the five series, of eleven observations each, on tlie

supersaturated solution 7-225 CaCl2 when it was exhibiting the state of unrest which

preceded crystallisation. In Table IIb. are given the individual observations forming

five series of eleven observations each, on the non-saturated solution 6 '3 CaClj.

Table lie. contains the imlividual observations forming three series of eleven observa-

tions each, on the super.-atiirated solution 7-196 CaClg- It crystallised suddenly after

the third series. Table III. forms a time-table of the observations on the supersaturated

solution 7-225 CaCl2.

111. Discussion of conditions of temperature maintained while the operations recorded in 193

Tables IIa. and IIb. were being made.

112. Further discussion of Tables IIa. and IIb. Considering the five mean specific gravities of 194

7-225 CaClg, it is found that the maximum amplitude of variation is 689 units in the

sixth decimal place, while the five mean specific gravities of 6-3 CaCl2 exhibit a

maximum amplitude of only 26 such units. When the observations of individual

series are considered, the maximum amplitude of variation in the fifih series for

7-225 CaCl2 is 833 in the sixth decimal place. These large and rapid variations of

specific gravity in the supersaturated solution furnish the evidence of the state of

unrest existing in it.

113. The displacement of the solution is subject to variations corresponding to those of the 195

specific gravity. Tiiey afford evidence of spasmodic acts of expansion and contraction,

not accompanied by any change of temperature of the solution or of the external

pressure to which it is subjected. They exhibit a veritable species of labour going on
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in the solution in its efforts to become a mother-liquor. In this it is finally successful,

but not before it has succeeded in forcing the door which confined its store of heat.

The birtli of the crystal was synchronous with and dependent on the liberation

of heat.

114. It is shown that the change of displacement which occurred in the transition of the solution 196

7*225 CaCl2 from a condition of supersaturation to that of a mixture of saturated solu-

tion and crystals at the common temperature 19"5° C. is a shrinkage amounting to 2-2

per cent, of the original volume of the supersaturated solution.

115. Comparison of the behaviour of supersaturated solutions of MgClg and CaClj with respect 196

to readiness in starting, and heat exchange accompanying, crystallisation. The variations

of the density of the liquid before the first element of crystal appears revealed only by

the skilled use of the hydrometer. The diagram illustrates the clianges of displacement

corresponding to the changes of density in the 7"225 CaClg and the 7"196 CaClj super-

saturated solutions, compared with the accidental changes observed in tlie stable solu-

tion 6'3 CaCl2. In the case of tlie 7'225 CaCl2 solution the state of unrest persisted

during the 140 minutes that the experiments lasted, and it seems to be not improbable

that a supersaturated solution is never at rest even in a closed vessel.

116. Analogy between the crystallisation of a supersaturated saline solution and the formation 197

of ice when a non-saturated solution or when pure water is cooled below its freezing

point. When the mass of water is small and the capucity for heat of the vessel which

contains it is large, the temperature of the system may be reduced so far that when

freezing begins the whole of the water may be frozen without the temperature of the

system rising to 0° C. Experimental illustration of this. Possibility of detecting

oscillations of density in water before freezing begins, by determining its specific

gravity hydromelrically with the necessary precautions in a room having a constant

temperature between - 4° and - 5° C.

117. Calculation of the increment of pressure required to countoract the stretching of the 200

7'225 CaClg solution before the beginning of crystallisation. It is found to be 38

atmospheres.

118. Resemblance between the state of unrest preceding the crystallisation of a supersaturated 200

solution and that preceding the liquefaction of a gas under a pressure not inferior

to its critical pressure, when its temperature is reduced slightly below its critical

temperature.

119. It is only in the conditions of Andrews' experiment on COg that we can witness a substance 201

persisting in the gaseous state under a pressure greater than its critical pressure, and

having a temperature lower than its critical temperature, because it is only when the

gas and the envelope which contains it have been maintained at a temperature higher

than the critical temperature of the gas, that the inner walls of the envelope have a

chance of being perfectly dry, that is, free from every trace of the liquid substance.

We do not know the temperature at which a dry gas can liquefy on the dry walls of its

envelope, but so soon as the first, even the minutest, trace of the liquid substance

appears, the temperature of liquefaction is defined, because the gas is then condensing

on itself as a liquid.
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120. This work was undertaken owing to the arrival of the great anticyclone or heat-wave of 202

the summer of 1904, which made observations of specific gravity at 19 '5° impossible.

The liquid in which every soluble salt is quite insoluble is its own mother-liquor at the

temperature at M'hich the one parted from the other. It was in this liquid that the

specific gravity of the crystals of tlie salts of the two enneads MR and MRO3 was

determined. It is obvious that this method is applicable only to salts which have a

mother-liquor, such as KCl, RbBr, CaCIgGHgO, BaCl22H20. It is inapplicable to salts

such as CaCly, BaClg, and the like, which have no legitimate mother-liquor. The anti-

cyclone prevailed throughout the greater part of July and August 1904, during which

time the determinations of the specific gravity of the crystals and the mother-liquors

of the salts of the ennead MR were determined.

121. Precautions to be observed in making the experiment. 203

122. Determinations of the solubility of the salts RbBr, Rbl, CsCl, CsBr and Csl were made, 203

as there were no published data regarding them. The preliminary experiments are here

described.

123. Contains Table I. in which the experimental data and details are given in full in the case 204

of one salt, namely, CsCl. All the weights as given represent the weight in vacuo.

Further necessary details of the experimental method are here given.

124. Precautions to be observed when bringing the crystals together with the mother-liquor in 206

the pyknometer. The experimenter must realise that their common temperature when

mixed is to be exactly that of crystallisation or equilibrium, and he must take such

measures as his experience dictates to arrive at this end.

125. Contains Table II., which gives for each salt the temperature, T, of equilibrium between 207

crystals and mother-liquor, and in condensed form the experimental data of the determina-

tion of S, the specific gravity at T of the mother-liquor, that of water at the same

temperature being unity ; of m, the concentration of the mother-liquor in gram-mole-

cules of salt per 1000 grams of water; and of D^, Dj jDg, the three observed values, as

well as D, the finally accepted value of the specific gravity of the salt, all at T, and

referred to that of water at the same temperature as unity.

126. General discussion of the results. 209

127. Contains Table III., giving numerical relations between the crystallised salts of the ennead 209

MR and their mother-liquors.

128. Discussion relative to the mother-liquor. 211

129. Consideration of saturated solutions as products of substitution. 212

130. Comparison of the displacement of the salt in crystal and the increment of displacement 213

of 1000 grams of water which is produced by its dissolution. It is shown that the

crystallisation of the potassium and rubidium salts of the ennead must be hindered

by increase of pressure, while that of the caesium salts must be helped by the same

agency.
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13L Account of similar experimental researches for the crystals and mother-liquors of the salts 214

of tlie ennead MRO3. The investigation was made on a plan exactly similar to that

used in the case of the salts of the ennead MR. Table IV. corresponds to Table IT. of

the ennead MR, and gives in a condensed form the data bearing upon the observed

values of the specific gravity of the salts.

132. Table V. gives the results of observations made with the crystals and mother liquors of 214

the salts of the ennead MRO3. It is arranged on the same plan as Table III. for the

salts of the ennead MR, and consists of a number of sub-tables, the nature of each of

which is specified in its title.

133. Contains a table giving the specific gravities, D, of the salts of the ennead MRO3, and 215

their differences. The observations recorded in Tables IV. and V. are further

discussed.

134. The molecular displacement, MRO3/D, of the crystal expressed in grams and molecules of 218

water is considered.

135. The molecular concentration of the mother-liquor is discussed. The value of m does not 218

in any case exceed 1/2. The values of the concentrations are derived from the specific

gravity of the mother-liquor.

136. The values of -:- 3 -— are discussed. As they are all positive, crystallisation is in 218

every case accompanied by expansion.

137. In a table are given the differences between the molecular displacements in crystal of 218
the corresponding salts of the two enneads, MRO3 and MR, and these are

commented on.

138. Concluding remarks. 219

Appendix A.—Densities of the solutions at T.

Appendix B.—Table giving the number of series as well as the number of single

observations made with the various Hydrometers, from which the results recorded in

this Memoir were obtained.

Index, 226





SPECIFIC GRAVITY AND DISPLACEMENT OF SOME SALINE SOLUTIONS. 17

Section I.

—

Introduction.

§ 1. The Principles of Archimedes*— It is well known that the mechanics of floating

bodies, and the laws which govern their equilibrium, were established and enunciated

by Archimedes, the Sicilian, in the third century before our era. The following pro-

positions, demonstrated in the first book of his treatise on this subject, embody the

fundamental principles of the hydrometer :

—

(a) The surface of any fluid at rest is the surface of a sphere whose centre is the

same as that of the earth.

(h) Of solids, those which, size for size, are of equal weight with a fluid will, if

let down into the fluid, be immersed so that they do not project above the surface,

but do not sink lower.

(c) A solid lighter than a fluid will, if immersed in it, not be completely submerged,

but part of it will project above the surface.

{d) A solid lighter than a fluid will, if placed in the fluid, be so far immersed that

the weight of the solid will be equal to the weight of the fluid displaced.

((?) If a solid lighter than a fluid be forcibly immersed in it, the solid will be

driven upwards by a force equal to the difl"erence between its weight and the weight

of the fluid displaced.

{/) A solid heavier than a fluid will, if placed in it, descend to the bottom of the

fluid, and the solid will, when weighed in the fluid, be lighter than its true weight

by the weight of the fluid displaced.

Archimedes considered only one solid and one fluid, and his laws regulate exactly

what takes place in such a system when the solid is totally immersed in the fluid

;

or, if only partially immersed in it, when the non-immersed portion of the solid is

immersed in no other fluid—in other words, when the experiment is being made in

a vacuum, or in a medium the density of which is insensible. When, however, the

experiment is being made in air, it is not necessary to postulate that its density

is insensible ; Archimedes' laws still hold good, only the solid falls to be considered

as divided into two, one of which is completely immersed in the one fluid (the

liquid), and the other is completely immersed in the other fluid (the air). If the

solid was immersed in three fluids, as, for instance, water, oil, and air, and floated

at rest when part of it was immersed in each of these fluids, it would fall to be

divided into three portions, each of which is totally immersed in one of the three

fluids, Archimedes' laws would still be applicable, and the final total effect would

be the sum of the partial effects.

§ 2. Hydrometer suitable for Demonstrations on the Lecture Table.—I constructed

an instrument of this kind for use in lectures which I gave as assistant in the

* The IVorhs of Archimedes, editedin Modern Notation, by T. L. Heath, Sc.D., Cambridge University Press, 1897,

pp. 253-268.
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University Laboratory in Edinburgh, under Professor Crum Brown, in the years

1869 to 1872. A description of it was published in the Berichte der Deutsclien

Chemische Gesellscha/t (1871), iv. 338. Fig. 1 is a sketch of it. The stem of

this instrument was made of glass tube having an external

diameter of about 1 centimetre, and a truly circular section of

uniform diameter. A slip of paper is attached inside the stem.

It is graduated on any convenient scale of equal lengths, and

the divisions are numbered upwards and downwards from the

zero point in the middle. The numerals from upwards have

the positive sign, and those running from the downwards have

the negative sign.

The hydrometer is ballasted with mercury or shot, so that,

in its completed state, it sinks in the liquid used, at the atmo-

spheric temperature, exactly to the zero division in the middle

of the stem.

The lower extremity of the instrument takes the form shown

in the figure, terminating in a hook K. The upper extremity

of the stem is closed with a cork, to which a suitable disc of

cardboard, M, is attached by sealing-wax.

The hydrometer was originally constructed in order to illus-

trate the determination of the specific gravity of solid bodies.

The liquid in which it is to be immersed may be distilled water,

but other liquids, for instance sea-water, may also be used.

It is contained in a suitable cylinder, and should have the

temperature of the room in which the experiment is being

made.

When it is proposed to exhibit the determination of the

specific gravity of any particular solid body, the hydrometer

is immersed in the liquid, in which it sinks until the zero

division on the scale is exactly in the plane of the surface of

the liquid. A suitable fragment or piece of the solid body

is then placed on the platform M, and the extent to which

the immersion of the stem in the water is increased is noted.

The solid body is then removed from the platform M and

attached to the hook K, and the hydrometer is again im-

mersed in the water. When equilibrium of flotation has been

established, the immersion of the stem is again read on the scale.

Let the former of these two numbers be expressed by a and the latter by J), a and

h are lengths of a cylinder of uniform diairieter and of circular section ; therefore the

volumes of these cylinders are proportional to their lengths ; and, as the same liquid is

displaced in each case, the weights of the liquids so displaced are also proportional to

Fig. 1.
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the lengths a and b. It follows, therefore, that the expression (a — b) represents the

weight of a volume of the liquid equal to that of the solid body, and that the specific

gravity of the solid body, referred to that of the liquid as unity, is

D = a-b'

When a solid body is placed on the platform M, the hydrometer always sinks

deeper in the liquid ; therefore a is always positive. When a solid body consists of a

substance which is denser than the liquid, then, when it is attached to the hook K and

is immersed with the instrument in the liquid, it causes the hydrometer to sink deeper

in it, and b is also positive in this case. When the substance of the solid body is less

dense than the liquid, a is positive as before ; but when the body is attached to the

hook, and is immersed with the hydrometer in the liquid, it exerts a pressure wpivards,

which causes the hydrometer to emerge and expose a part of the stem below the point

0. On this part of the scale the numerals have the negative sign, and the weight of

the volume of liquid displaced by the solid body is, as before, (a— b) ; and its specific

gravity is, also as before,

a-b

The identity of the expressions of the experimental data in determining the specific

gravity of substances so dissimilar as, for instance, a stone and a cork never failed to

arrest the attention of the students.

It will be noticed that, by using this method, the specific gravity of a solid body

is obtained ivithout any deter^nination of weight having been made, either' in the

production of the instrument or in its use, and that the only measurements made are

those of length.

§ 3. Usefulness of the Hydrometer in the Study of Mineral Waters.—But the

hydrometer and its uses had always had a fascination for me. I began to pay particular

attention to the subject in Wiesbaden, when working as a student with Fresenius, and

afterwards (1866-67) as an assistant in his private analytical laboratory. During this

period I became much interested in the mineral waters which abound in the (then)

Duchy of Nassau and the neighbouring parts of the Rhineland, and especially in the

Kochbrunnen of Wiesbaden, perhaps the most celebrated of them all. I had great

curiosity to investigate the variations, if any, in its concentration at different times and

seasons ; but, as a student, I had to follow the plan of instruction laid down, and, in the

private laboratory of the final referee in Germany regarding all matters of dispute or

arrangement which could be decided by chemical analysis, the important and responsible

work entrusted to me made it impossible for me to occupy myself with anything

else at the same time. During the voyage of the Challenger, I many times made

up my mind, on my return to Europe, to visit Wiesbaden and use the hydrometer

in carrying out a systematic investigation in this sense ; but my intention has not

been realised.
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§ 4. The Hydrometer in the ^^ Challenger'' Expedition.—The dispatch of the

Challenger Expedition was decided before the end of the year 1871, and Sir Wyville

Thomson, who was then Professor of Natural History in the University of Edinburgh,

was chosen for its leader. He did me a great honour and a very substantial service in

selecting me for the post of chemist and physicist of the expedition quite a year before

the date fixed for its departure. I cannot adequately express the gratitude which

I feel for the confidence which he thus showed in me, and for the privilege which

it gave me of taking an active part in this memorable expedition. The expedition

lasted less than four years, yet these years are fuller of recollections than all the rest

of my life.

During the year which elapsed between my selection and my official appointment,

I occupied myself almost exclusively in preparing for my work at sea, and I considered

that the specific gravity of the water of the ocean, and its variations, would be one of the

most important matters for continuous observation. Here I had in view the variations

of specific gravity which occur in the open ocean and far from all influence of the land.

These were only imperfectly known, but there was reason to conclude that they were

confined within narrow limits.

I chose the hydrometer, or " araeometer," as it is called abroad, because it appeared

to me to be the only type of instrument which furnished directly the information

demanded, namely, the specific gravity of the water, and that with the exactness

required when the variations of specific gravity are so small.

Even at that early date indirect methods of all kinds were recommended to

me. In theory, any physical constant of a saline solution, the expression of

which includes a term depending on its specific gravity, can be used for this

purpose. But indirect methods «re, m the nature of things, affected with at

least a double quantity of eirors. There are the errors ivith which the datum

directly supplied by the vicarious method used is affected, and there are those which

affect the operation of comjja^'ison by which that datum obtains its densimetric

interpretation.

I had then, and I have still, an instinctive dislike of all indirect methods in science
;

I therefore adhered to my own purpose, believing that, if nothing but manipulative

difficulties stood in the way, they could be overcome by perseverance and a determina-

tion not to accept defeat too readily ; and, as is so often the case, the difficulties

apprehended turned out to be in no way formidable.

§ 5. In designing the hydrometer I decided that, in the values of the specific gravity

obtained with it, units in the fourth place of decimals must be exact, and that the

exactness should be pushed as far as possible into the fifth place. As a knowledge of

the physical constants of the instrument is of the first importance, I rejected the plan

of having a series of liydrometers, each to be used in the waters the specific gravity of

which corresponded to the limits of its scale. I deeided to have one hydrometer, made

of glass, in which the dimensions of the stem and of the body should be in such pro-
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portion as to ensure the degree of accuracy above indicated, and provision for extending

its range of usefulness to sea-waters of all specific gravities should be made by suitable

alterations of its weight. Considerations of stability suggested attaching the accessory

weights necessary for this purpose to the lower extremity of the hydrometer. But this

would involve their being immersed in the liquid the specific gravity of which was to

be determined, and was therefore inadmissible. The only alternative was to attach them

to the upper extremity of the stem. A length of 10 centimetres of the stem was

graduated into millimetres, and the external diameter of the stem was such that its

graduated portion displaced rather less than 1 gram of distilled water. The body of

the instrument was constructed so as to have a volume of approximately 160 cubic

centimetres. The hydrometer was ballasted with mercury, so as to fioat in distilled

water of ordinary temperature with the whole of the graduated part of the stem exposed.

The system of accessory weights designed for increasing the range of the hydrometer

included, as first weight, a small brass table which fitted on to the top of the stem. Its

weight was designed so that, if the hydrometer alone floated at the lowest division of

the scale in a particular water, and the table was then affixed to the top of the stem,

the hydrometer would sink until it floated at a division near the top of the scale in the

same water. Of the further weights, the first of the series was a mass of brass of about

the same weight as the table. When the hydrometer carrying the table on the stem

floated at the lowest division of the scale in a particular water, then, by placing the

further weight on the table, the hydrometer sank until it floated at a division

near the top of the scale. The weight of the next weight of the series was made

approximately double that of the table, so that when the hydrometer, loaded with

the table and the previous weight, floated at the lowest division on the scale in a

particular water, and the previous weight was replaced on the table by the present

one, the hydrometer floated in the same water at a division near the top of the

scale ; and so on.

S 6. The series of weights was carried so far that waters of all densities from that of

distilled water to that of water more dense than that of the Red Sea could be determined

witli the same hydrometer.

The accessory weights form roughly an arithmetical series, the common diff"erence

of which is equal to the first term, namely, that of the little table to be placed on the

top of the stem and to carry the other weights, when required. As produced, the

weights fulfilled all the conditions demanded of them, and all that it was necessary to

know was the exact weight of each, and this was determined.

From the design of the system of accessory weights, it will be seen that provision

was made for single observations of specific gravity. Duplicate observations were

possible only in cases where the salinity and temperature of the water combined to

produce such a specific gravity that it could be observed with one of the sets of weights

near the lowest division of the scale. In that case its specific gravity could be obtained

also with the next higher weight at a division near the top of the scale, because the
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difference between the successive weights was rather less than that required to immerse

the divided portion of the stem.

On rare occasions multiple observations were made on a single water, using ordinary

decigram weights, but this was found to be very inconvenient. Nevertheless, the

advantage of multiple observations was clearly perceived, and provision for their being

made was included in the specification of all later instruments. Also, the system of

numbering the centimetres on the stem was altered. In the Challenger instrument

the number 10 marks the lowest division on the stem, and marks the highest. In

all later instruments the lowest division is 0, and the centimetres are numbered

1, 2, 3, . . . 10 upwards.

In every determination of the specific gravity of a sample of water, the weight

of the volume of it which was displaced by the hydrometer floating in it at an

observed division on the scale was represented by the sum of the weights of the

hydrometer, the table, and the accessory weight used.

The volume of the water so displaced by the hydrometer was arrived at as

the result of an extensive series of observations made with it in distilled water

at different temperatures.

The relation between the weight and the volume of a mass of distilled water

at all ordinary temperatures, as determined by Kopp, was accepted as correct, and

was used in reducing the observations made with the hydrometer in distilled water

so as to arrive at the volume of its body, that is, the whole of the hydrometer

below the lowest division on the stem at all ordinary temperatures. Its rate of

thermal dilatability was taken to be constant within the limits of temperature

considered, and its probable value was obtained by taking the mean of all those

observed.

The final result was stated by giving the volume of the body of the instrument

up to the lowest division on the stem at 0° C. as V, and the rate of its dilatability,

dV/dt, as e.

Thus the full specification of the hydrometer, that is, the glass instrument alone,

is furnished by four data.

For the hydrometer used in the Challenger they are :

—

Weight Mi vacMo of the hydrometer . . W 160 '2 128 grams.

Volume of body of hydrometer up to lowest

division on stem at 0' C. . . V 160-277 c.c.

Rate of expansion of body per ° C. . . e 0*00455 c.c.

Total volume of divided stem (100 mm.) . v 0*8650 c.c.

The specification of the set of accessory weights which were used with this

hydrometer is as follows :

—

No. . . .

Weight in grams

0. I. II. III. IV. V. VI.

0-8360 0-8560 1-6010 2-4225 3-2145 4-0710 4-8245
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Weight No. is the small brass table which can be affixed to the top of the

stem, and on it any further weight that might be required was placed. The distinctive

number of the hydrometer which was used for all the determinations made in the

Challenger was 0. In the tabulated results the combination used is indicated in

the column headed " Number of Hydrometer." Thus, OOV means that Hydro-

meter No. 0, table No. 0, and weight No. V. were used. The combinations almost

exclusively used were OOlV and OOV, which weighed 1642633 and 165H98 grams

respectively.

In this memoir we make no use of the volume of the hydrometer, because in

all the experiments the temperature is a constant, and we obtain directly the dis-

placement, that is, the weight of distilled water displaced by the same volume of

saline solution, both being at the same temperature, from which we obtain directly

the specific gravity of the solution at that temperature, referred to that of distilled

water at the same temperature as unity. This result is arrived at from the two

observations alone, and is independent of the work of others.

As it was certain that during the voyage of the Challenger the specific gravity

of the sea-water would have to be observed at many diff"erent temperatures, it was

convenient, after having determined the displacement of the hydrometer in distilled

water at diff"erent temperatures, to express the result in terms of the volume of the

displacing hydrometer in standard cubic centimetres, but the difference from the

later practice is only in the form of expression.

§ 7. In order to obtain all the precision of which the hydrometric method is

capable, the temperature of the water must remain perfectly constant while the

hydrometer is floating in it, and the temperature of the hydrometer must be the

same as that of the water before it is immersed in it. In ordinary work on shore

and in our latitudes this is the condition which it is most difficult to realise. In

the Challenger it provided itself Nearly three out of the three and a half years

that the voyage lasted were spent between latitudes 40° N. and 40° S. Here the

temperature of the air is relatively high, but its diurnal variation is very slight.

Moreover, the Challenger was a wooden ship, and the laboratory was lighted and

ventilated by a large main-deck gun-port, the result of which was that, especially

in the tropics, the temperature of the air was almost constant, day and night.

The temperature of the surface water was usually slightly higher than that

of the air, but only by a fraction of a degree, so that its specific gravity could be

determined immediately after collection. Samples of water brought up from the

bottom and the inferior depths arrived on board having a temperature much lower

than that of the air, and it was impossible, even if it had been convenient, to

proceed at once to the determinations of their specific gravity. A case containing

eight large stoppered bottles was kept in the laboratory for the purpose of receiving

these samples as they arrived, and they were kept in the laboratory until the next

day, and their specific gravities were then determined one after the other. The
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twenty-four hours' sojourn in the laboratory equalised their temperature and brought

it to agree sensibly with that of the air of the laboratory and that of the hydrometer,

which was always kept in the laboratory. By working according to this system,

the specific gravities of the waters obtained from different depths at the same station

were determined at the same time and at the same temperature, and their relative

specific gravities at a common temperature were thus given directly by experiment.

This is an important advantage, and it is often overlooked.

A subjective precaution, but one of great importance for assuring accuracy of

observation, was adopted at the beginning of the voyage and was never departed

from. Before beginning to make hydrometric observations on the samples of water,

or to carry out any other operation, such as the boiling out of the gases or the deter-

mination of the carbonic acid, / locked the door of the laboratory, and it ivas not

unlocked until the operation was finished. Consequently none of my colleagues, or

anyone else in the ship, ever witnessed the determination of the specific gravity of

the water, or any other of the operations carried on in the laboratory, at any time

from the beginning to the end of the voyage. I found that exactness of observation

was promoted by freedom from disturbance.

Table VIII.*

Giving Duplicate Observations of the same Sample of Water with the same

Hydrom,eter differently weighted.

Density observed with Density ob served with

No. of

Saiiijile.

DilTereiice.

OOIV-OOV.
No. of

Sample.
Difference.

OOIV-OOV.
00 IV. oov. OOIV. OOV.

120 1-02412 1-02411 + 1 274 1-02416 1-02412 -1-4

127 1-02414 1-02409 + 5 826 1-02411 1-02411

135 1-02406 1-02413 -7 829 1-02411 1-02408 + 3

139 1-02407 102414 -7 830 1-02400 1-02405 -5
181 1-02428 1-02427 + 1 831 1-02421 1-02418 + 3

After the Challenger Expedition I used in all my deep-sea work hydrometers with

sets of weights designed for making multiple observations in each water. The principal

stepping-stone between the Challenger hydrometer and that used in the investigations

of this memoir was one in which the observations were made in triplicate, the difference

between successive added weights being 0'25 or 0*3 gram. One reading was made near

the middle of the stem, and the other two were made near the middle of the lower and

the upper halves of the stem respectively.

A very complete and important set of observations on this scheme was made in

1885, on a voyage from Southampton to Buenos Ayres, and then from Valparaiso

following the west coast of South America to Panama, and thence along the west coast

* "Report on the Specific Gravity of Ocean Water," Physics and Chemistry, vol. i., Part II., Table VIII.
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of North America to San Francisco. This pattern of hydrometer was also used a good

deal in cable ships.

In all work at sea three observations, or perhaps four, are quite sufficient. When
four observations are made, their arithmetical mean has theoretically two-thirds of the

value of the arithmetical mean of a series of nine.

§ 8. As much misunderstanding seemed to exist not only regarding the qualifications

required for the successful practice of the hydrometric method, but also, to some extent,

of the principles on which the legitimacy of the method depends, I took occasion at the

meeting of the Sixth International Geographical Congress, held in London in 1895, at

which I read a paper entitled " A Retrospect of Oceanography during the last Twenty

Years," to deal with some of these misapprehensions. The following passage may be

quoted here with advantage :

—

" Many writers, in passing judgment on the hydrometer as an instrument for the

determination of the density of liquids, have only in their minds the hydrometer whose

indications are determined by comparison with another or standard instrument ; or by

immersion in solutions the densities of which have been otherwise ascertained. These

instruments have no greater value than that of more or less carefully constructed copies

of a standard, the method and the principle of the construction of which is not always

given. Rightly, therefore, they prefer the density as determined by weighing a vessel

filled with the liquid and comparing it with the weight of distilled water of the same

temperature filling the same vessel. The hydrometer which I constructed for the

Challenger Expedition, and used during the whole of it, is not a hydrometer in the

above sense : it does not give comparative results ; it gives absolute ones. By its

means, the weights of equal volumes of the solution and of the distilled water of the

same temperature are determined directly. It is neither more nor less than a pykno-

meter, where the volume of liquid excluded up to a certain mark is weighed, instead ol

that included up to a similar mark. In the pyknometer, the internal surface per unit

of length of the stem can be made smaller than the external surface per unit of length

of stem of the hydrometer. On the other hand, the volume of the hydrometer can

safely be made many times larger than that of the pyknometer, the dimensions of which

must always be kept small on account of the difiiculty of ascertaining the true tempera-

ture of its contents, which must be guessed, because it cannot be measured directly.

The temperature of another mass of liquid is measured, and the two are assumed to be

identical. With the hydrometer, the liquid being in large quantity and outside of the

instrument, its temperature can be immediately ascertained with every required accuracy.

" Again, for every determination with the ordinary pyknometer, the weight of the

liquid contained in it has to be determined by a separate operation of weighing. With

the hydrometer, the weight of the liquid displaced, being always equal to its own, is

determined once for all by repeated series of weighings, where every refinement is used

to secure the true weight of the instrument. This weight can be increased at will by

placing suitable small weights on the upper extremity of the stem. Their weight is

TRANS. ROY. SOC. EDIN., VOL. XLIX., PART I. (NO. 1). 4
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also most carefully determined once for all, so that at any moment the total weight of

the displacing instrument is accurately known." *

A-

-D

Section II,

—

The Principle and Construction op the Closed Hydrometer.

§ 9. It will be convenient to follow in detail the preparation of the hydrometer

for use.

The instrument being closed, its true weight is constant.

Let it be assumed that our experiments are actually made in vacuo,

at the sea-level in lat. 45°. In these conditions the standard gram exerts

a vertical pressure of 1 gram (true).

We weigh the hydrometer and find its weight to be W grams. We
now float it in distilled water contained in a suitable cylinder. In the

construction of the hydrometer the internal load has been so adjusted

that, when immersed in distilled water of the standard temperature T,

which is to remain unaltered during the whole of the experiments, the

surface of the water shall cut the stem in some line C, near its junction

with the body of the instrument. Then the weight of the water displaced

by the hydrometer is exactly W grams.

Let pressure be now applied to the top of the stem, A, until it is

completely immersed. Let the measure of this pressure be w grams.

Then the weight of water displaced by the instrument when totally

immersed at temperature T is (W + w) grams.

\ / We assume that the stem is a uniform cylinder of circular section and

X^^ terminated by a plane surface. If we apply pressure so as to immerse

y^ ^v. the stem to the line D, which is midway between A and C, the pressure

i^HI^BI required will be — grams ; and, if the portion of stem so immersed, CD,

stands in any other ratio to the total length CA, the pressure required to

produce the immersion will stand in the same ratio to w.

Let the experiments be made in air of temperature T, and of pressure and humidity

such that 1 cubic centimetre of it weighs 1 '2 milligram. When the experiment was

made in the vacuum and the surface of the water cut the stem in C, the weight of the

water so displaced was exactly equal to that of the hydrometer, namely, W grams.

After air has been admitted, the surface of the water no longer cuts the stem

exactly in C, but at a point a little lower. This difference between the lines of flotation

is due to the fact that, while experimenting in vacuo, the portion of the stem which is

not immersed in the water is immersed in a medium the density of which is insensible,

whereas, after the air has been admitted, it is immersed in a medium of which 1 cubic

centimetre weighs 1"2 milligram, and this exerts an upward pressure, in opposition to

Report of the Sixth International Geographical Congress, held in London, 1895, p. 412.
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gravity, at the rate of 1 "2 milligram per cubic centimetre of stem so immersed in air.

This upward pressure lifts the hydrometer until it displaces a weight of water less than

it did in vacuo by the weight of air which the exposed stem displaces after air has

been admitted.

Therefore, in ordinary laboratory practice, when the hydrometer floats in the liquid

at any line C on the stem, the true weight of the liquid so displaced is equal to the true

weight in vacuo of the hydrometer less the weight of the air displaced by the exposed

portion of the stem.

If s be the weight of the air displaced by the exposed portion of the stem, and W,

as before, be the weight in vacuo of the instrument, the effective vertical pressure

exercised by the hydrometer when floating in equilibrium on the water is

H = (W-s),

and this is the measure of its displacement in distilled water of temperature T under

existing atmospheric conditions.

§ 10. In instruments of the pattern, fig. 3, § 80, which I construct for use in dilute saline

solutions I aim at a displacement of 180 grams distilled water. The stem is made from

tubing selected with the greatest care so as to secure uniformity of calibre. Its total length

is about 130 millimetres, and its external diameter is such that a length of 10 centimetres

displaces something less than a cubic centimetre. This condition is satisfied if the

glass-blower selects a suitable piece of tube having an external diameter of 3 to 3 '5

millimetres by the callipers. If the diameter of the tube is exactly 3'56825 millimetres

and its section circular, 10 centimetres of it will displace at 4° C. 1 cubic centimetre.

The graduated portion of the stem occupies a length of 10 centimetres, which is divided

into millimetres numbered at every centimetre from below upwards: 0, 1, 2, . . . 10.

The zero is about 1 centimetre above the junction of the stem with the body, and the

highest division, numbered 10, is found at a distance of about 2 centimetres below the

top of the stem. The total length of the instrument should not exceed 33 centimetres.

If the hydrometer floats in distilled water of temperature T so that the surface of

the water cuts the stem at 5 millimetres above the zero of the scale (I express this

shortly by saying, the hydrometer floats at 5), and the weight of air so displaced by

the exposed stem is s^, then the true weight of water so displaced is

The other conditions remaining the same, let the distilled water in the cylinder be

replaced by a saline solution at temperature T. Let the hydrometer be floated in it

;

the surface of the liquid will cut the stem or the body of the instrument at a lower

level than the 5th millimetre on the scale. In order to immerse the instrument exactly

to the 5th millimetre, we have to place a certain weight on the top of the stem. Let

its weight in vacuo be w^ grams. Then the weight of liquid displaced by the system is

H'j =W - s^ + W5 - dw^,

where dw^ is the weight of the air displaced by the small added weight iv^.
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We have then two independent observations, namely, those of the weights of the

distilled water and of the saline solution respectively, which occupy the same volume

under identical conditions. The ratio of these two weights is the specific gravity

of the heavier liquid referred to that of the lighter at the same temperature as

unity. It is :

—

_ H's W - s^ + to^ - dio^

''' H,- W-s,

Let us now repeat the double experiment, all the conditions remaining the same,

except that, when the hydrometer has been immersed in the distilled water and floats

at 5, a small weight v-^^ is added which immerses the hydrometer until it floats exactly

at 15. Let % be the weight of air displaced by the exposed stem above the 15th

division, and let dv^^ be the weight of air displaced by the small weight v-^^. Then the

weight in vacuo of the distilled water displaced by the hydrometer below line 15 is

Let the hydrometer be now immersed in the heavier liquid, and let weights be

placed on the top of the stem until it floats exactly at 15. As before, the weight of

this liquid so displaced is

and the specific gravity of the liquid must be

^1 1;
— T^ — -:;^^ ; .'IS'

^15 W-Sis + U^s-C^Vis

Now H5 and H'5 are the weights of equal volumes of distilled water and of a

heavier liquid respectively, and H15 and H'15 are also weights of equal volumes of

distilled water and of the same heavier liquid respectively : therefore in the two ratios

TT/ TT/

=j^ and ==^ we have two independent values of the specific gravity of the heavier liquid

under identical conditions, namely,

S, = ll^ and S,, = |l^

As the specific gravity of each liquid has remained the same, these two independent

determinations ought to give identical values for S : that is, S5 = S15.

It is evident that we can increase at will the number of independent determinations

of the specific gravity of the heavier liquid as referred to that of distilled water under

constant conditions, and obtain from them a mean value of continually increasing

exactness.

It will be observed that the values of the specific gravity so obtained depend on

our own observations alone. We have therefore the means of appraising their value

exactly. Moreover, their value depends almost exclusively on determinations of weight

:

and this is the physical constant of a body which can be directly determined with

perhaps greater precision than any other.
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§ 11. Preparation of Accessory Weights.—We have now to consider the prepara-

tion or manufacture of the small weights to be placed on the top of the stem in

order to produce small increments of the immersion of the hydrometer. They are

made of wire. This is wound into spiral cones for the heavier and into I'ings for

the lighter weights. The lighter weights are made of aluminium and the heavier

ones of brass.

Generally a set of weights consists of aluminium spirals weighing 0"2, 0"5, and 1*0

gram, and rings of the same metal weighing 0"2 and 0"1 gram, also rings 0"05 and 0"02

gram. The brass weights are rings of 0"5 and 1*0 gram and spirals of 1, 3, 5, and

7 grams. At every operation I aim at making a series of nine independent observ^a-

tions of the displacement. In the first observation the lightest added weight is

used and the reading (Kj) is near the zero of the scale. The succeeding observations

are made while the added weight is increased by O'l gram between each observation

of the series. The observations thus obtained are spread over the whole of the scale

on the stem.

The weights may be made so that their nominal weight is their true weight in vacuo,

but, as they are always used in air, it is preferable to adjust them by balancing them

against standard weights in air. The standard weights exert their nominal vertical

pressure only in vacuo, at the sea-level in latitude 45°
; but we have assumed that we

are in fact working at the sea-level in latitude 45°, therefore the nominal pressure of the

standard weight is affected only by the density of the medium in which it is immersed.

When we are actually working in a vacuum the density of the medium is insensible

;

when we are working in air its density is ascertained by observation. Our standard

weights, which have been verified at Kew, are made of brass (gilt) for weights of

1 gram and upwards, and of platinum for weights under 1 gram. The weights destined

for use on the stem of the hydrometer are also made of brass for those of 1 gram and

upwards, and for those of 1 gram and under they are made of aluminium. There

are gram weights and half-gram weights of both brass and aluminium.

We will consider [a) the preparation of a gram weight of brass as balanced against

a standard gram of brass ; and (6) the preparation of a gram weight of aluminium as

balanced against a standard gram of platinum.

(a) As we are dealing with only one kind of material, it is sufficient to equilibrate

our weight of brass wire against the brass standard gram in air of known density to

obtain a weight which in vacuo exerts a vertical pressure equal to that of the standard

gram, and it must exert the same vertical pressure as does the standard gram in air of

the same density. Taking the specific gravity of brass wire at 8*38, 1 gram of it displaces

O'l 19 cubic centimetre of air, which, at 1*2 milligram per cubic centimetre, weighs 0*1428

milligram. Therefore, when reckoning the effective pressure exerted by the brass weights

placed on the top of the hydrometer in air of the density above specified, we make a

deduction from their nominal weight in vacuo in the proportion of •1428 milligram per

gram used.
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(6) Let us now consider the preparation of a weight of 1 gram in aluminium for the

hydrometer, against a standard gram weight in platinum. We take the specific gravity

of aluminium at 2*5 and that of platinum at 21.

The volume of a gram of platinum is therefore 1/21 cubic centimetre, and it displaces

this volume of air, which weighs 0"057 milligram. Therefore the standard platinum

gram weighs in air 0*999943 gram or 0*057 milligram less than in vacuo. If w'e are

working actually in the vacuum and we equilibrate the platinum gram with a mass of

aluminium, both masses exert the same vertical pressure. But when we admit the air

the platinum gram loses only 057 milligram of apparent weight, whereas the aluminium

gram loses —;:=0"48 milligram of weight, and its vertical pressure in air is only
z '0

0*99952 gram.

A more useful result is obtained by equilibrating the platinum and aluminium

in air.

J^et the standard gram of platinum be placed on the one pan of the balance, and let

a mass of aluminium which in vacuo weighs 1 standard gram be placed on the other

pan. The two masses which, in vacuo, would exactly balance each other, now appear

to have different weights. By immersion in the air the platinum gram has lost 0*057

milligram and the aluminium gram has lost 0*48 milligram. Let aluminium be

added to the aluminium weight until the balance shows equilibrium. The amount so

added weighs in air 0*423 milligram. The vertical pressures exerted in the air by the

masses of platinum and aluminium respectively are then equal. But this pressure is

still short of the standard pressure of 1 gram by 0*057 milligram. Let this weight

of aluminium be added to the mass of aluminium already on the pan. When this

addition has been made, the total mass of aluminium will exert in air, weighing 1 '2

milligram per cubic centimetre, a vertical pressure of 1 gram true. No account has been

taken of the buoyancy of the last two additions to the mass of aluminium, because its

effect is insensible on our balance.

In practice the aluminium weights used in any experiment never exceed 1 gram

by more than one or two tenths ; therefore, if they have been simply balanced

against the corresponding platinum weights in air, the deduction for buoyancy

is insensible ; and we have seen that, if the brass weights have been prepared

against brass standards in air, the deduction for buoyancy is at the rate of 0*14 milli-

gram per gram when 1 cubic centimetre of air weighs 1*2 milligram per cubic

centimetre.

§ 12. Exposed Stem.—Let us consider the effect on the resulting value of the specific

gravity of a liquid when the correction for the buoyancy of the exposed stem is

applied or is neglected. The effect of buoyancy will evidently be the greater, the

greater the length of the exposed stem. Let us take the case of the hydrometer

suitably loaded, floating at mm., or the lowest division on the stem, both in the

distilled water and m the solution. The volume of the exposed stem is 1*25 cubic
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centimetres in both cases, and the air which it displaces, at 1'2 milligram per cubic

centimetre, weighs I "5 milligram.

In order to avoid complication, we suppose that the necessary "added weights"

have been added to the internal load of the closed hydrometer, and that the dis-

placing weight of the hydrometer quoted for each immersion is its true weight in

vacuo, and that nothing which can affect the immersion of the instrument in the

liquid is immersed in air excepting the exposed portion of the stem itself. This

disengages the effect produced by the buoyancy of the stem from that of every

other cause.

Let the weight of the hydrometer so floating at mm. in distilled water be 180 "25

grams ; and let its weight when floating also at mm. in the solution be 185 "25 grams;

then, neglecting the buoyancy of the stem, the specific gravity of the solution is

1 '027739. But the effect of buoyancy is to reduce the effective weight in both cases by

1*5 milligram, so that the specific gravity of the solution corrected for buoyancy of

stem is =1 "027740. Therefore, when the whole of the stem is exposed, its
180-2485 ^

buoyancy affects the resulting specific gravity to the extent of only a unit in the sixth

decimal place.

§ 13. Determination of the Weight of the Hydrometer.—For this purpose the

hydrometer is placed on the right-hand pan of the balance in an upright position, and

is brought to equilibrium with weights and rider on the left-hand pan. The hydrometer

is then removed and equilibrium again established by means of standard weights.

These are then replaced by the hydrometer and equilibrium re-established by shifting

the rider of the counterpoise if it has been disturbed. The hydrometer is again

removed and replaced by standard weights until equilibrium is established. In this

way four independent weighings by replacement by standard weights are obtained.

The temperature of the air is noted, also the temperature of the wet-bulb thermo-

meter and the height of the barometer. Three such series of weighings are made

on different days when the meteorological conditions are different. Each series is

treated by itself. In order to obtain the vacuum correction we require to know the

weight of the air displaced by the hydrometer and by the weights respectively.

The difference of these two weights, the net buoyancy, is the correction to be added

to the apparent weight of the hydrometer.

We take as an example of the method the determination of the weight in vacuo

of hydrometer No. 17.

1st Determination.

5th March 1894.

Barometer = 740'86 mm.

Temperature, dry bulb = 6*15°, wet bulb= 5*1° C.

Whence the vapour tension is 6*03 mm., and the weight of 1 litre of this air is

1-2288 gram.



32 MR. J. Y. BUCHANAN ON THE

Four weighings of the hydrometer by replacement with standard weights were

made in air. The weights found were :

—

180-7141 grams.

180-7137 „

180-7136 „

180-7137 „

Mean = 180-7138 „

As the hydrometer floats without added weights in distilled water with only a

part of the stem exposed, we take its weight in air, 1807138 grams, as expressing, to

first approximation, its volume in cubic centimetres. The correction for net buoyancy,

that is, the difference between the weight of air displaced by the hydrometer and

that displaced by the weights, is (taking dry air at G'lS" C. and 741 mm.) 0"1961 gram,

whence the first approximation to the weight in vacuo of the instrument is

1807138 + 0-1961 = 180-9099 grams.

It was found that by the addition of 1*698 gram to the weight of the hydrometer

it floated totally immersed in distilled water at 6*15° C. ; that is, if the weight were

diminished ever so little the top of the stem became exposed, and if it were increased

ever so little the instrument began to sink to the bottom.

Taking now the first approximation to the weight in vacuo, 180"9099 grams, and

adding r6980 gram, we have the sura 182*6079 grams. This is the first approximation

to the weight in vacuo of the mass of distilled water which is displaced by the whole

hydrometer at a temperature of 6*15° C. Taking the volume of 1 kilogram of water

at 6"15° C. to be 1000*034 cubic centimetres, we find the volume of the hydrometer

at 6*15° C. to be 182*6139 c.c. ; and this is the volume of air which it displaces at

6*15° C. We have found that 1 litre of the air in the balance-room at the time

weighed 1*2288 gram. Therefoi'e the exact weight of the air displaced by the

hydrometer when being weighed was 182*6139 x 00012288 = 0*22439 gram, and

taking the weights as consisting of brass of the density 8*38, we find the weight of

air displaced by them to be 0*02650 gram, whence the net buoyancy = 0* 19789

gram, and the true weight in vacuo of the hydrometer is 180*7138 + 0*1979

- 180*9117 grams.

The weight in vacuo was determined on two other days, namely 24th April and

2nd June 1894; on each of these days four determinations were made of the weight

in air, which on the first of these days weighed 1*2081 gram per litre, and on the

second 1*2037 gram per litre. The weights in vacuo deduced from these observations

were 180*9109 and 180*9113 grams respectively. The mean of the three determina-

tions is 180*9113 grams, which is accepted as the final value of the weight in vacuo of

hydrometer No. 17. The weights of the other hydrometers, Nos. 21 and 3, were

determined in the same way ; the particulars are collected in the following table :

—
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Deter-

mination
No.

Date.

Mean Weight
of Hydro-

meter in Air.

Grams.

Number
of

Weigh-
ings in

Air.

Barometer.

Thermometer.

Dry
Bulb.

Wet
Bulb.

Vapour
Pressure.

Milli-

metres.

Weight
of 1 litre

of this

Air.

Grams.

Exact net
Buoyancy.

Grams.

Exact Weight
in vacuo of

Hydrometer.

Grams.

Hydrometer No. 17.

1

2

3

5/3/1894

24/4/1894

2/6/1894

180-7138
180-7165

180-7175

4
4

4

740-86

740-46

747-01

6° 15
10-50

1390

5"l0

8-90

11-50

6-03

7-70

8-89

1-2288

1-2081

1-2037

0-1979

1944
0-1938

Mean =

180-9117

180-9109

1809113

180-9113

Hydrometer No. 21.

24/11/1893 i
187-5771

5/12/1893
I

187-5764

27/ 4/1894
I

187-5809

4

4

4

74905
7r)5-40

74365

8-25

9-85

13-40

6-70

800
1105

6-56

7-07

8-65

1-2327

1-2361

1-2006

0-2060

0206ti

0-2006

Mean =

187-7831

187-7830
187-7815

187-7825

Hydrometer No, 3.

9/3/1894

10/5/1894

2/6/1894

178-1785 4 731-36 9°-45 7-70 6-98 1-1982 0-1904

178-1786 4 740-20 14-10 10-75 7-97 1-1924 0-1895

178-1776 4 746-89 13-95 11-50 8-87 1-2032 0-1912

Mean =

178-3689

178-3681

178-3688

178-3686

No. 17.

Final weight in vacuo accepted for each hydrometer, 180'91] 3 grams.

No. 21. No. 3.

187-7825 grams. 178-3686 grams.

§ 14. As the displacement in distilled water figures in all the determinations of

density, we begin by making a number of series of observations of the displacement

of the hydrometer in it at the standard temperature chosen.

We take as an example the case of hydrometer No. 17 in distilled water of 1 5 "00° C.

as it is given in Table A^.

Table A-y.—This table gives in detail the data from which is derived the total

weight displaced by hydrometer No. 17 when floating at the 50-mm. mark in distilled

water at 15*00° C. Each line in the table is distinguished by a letter

—

a, b, c, etc.

In line a we have the number and particulars of the hydrometer used. In line b

is given a reference to the laboratory note-book in which the original observations

were entered, followed by the date of the experiment, line c. Lines d and i give

TRANS. ROY. SCO. EDIN., VOL. XLIX., PART L.(NO. 1). 5
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the times at which the hydrometer is immersed and removed, while the temperatures

of the water at these times are given in lines e and j, with their mean, T, in line k
;

the range of temperature over which the series of observations was carried out is

shown in line /. Although it is intended that the temperature shall be uniform

during an experiment, it sometimes happens that it varies, and this has to be

provided for in the table. Line f^ gives the headings iv, the weights used to sink

the hydrometer in the liquid, and R, the reading on the scale of the instrument

corresponding to these weights.

Lines
f-^ to f^ give, under w, the values of the weights, and under R, the

corresponding scale readings, obtained during the series of observations. The value

of the mean added weight, w, is given in line g, while the mean reading, R, is

shown in line h.

The departure of the mean reading from 50 mm., 50 — R, is entered in line m ; it is

given in the headings as dr. In line n we have the weight which is equivalent to df,

expressed as dw^ (see § 15).

The weight required to immerse the hydrometer to the 50-mm. mark, w-\-dWr,

irrespective of temperature corrections, is shown in line o, being that weight which

would cause the instrument to float with the scale division at 50 mm. in the plane of

the surface of the liquid, at the mean temperature, T. The difi"erence of the mean

temperature, T, from the standard temperature, T, is given in the line p, and is

expressed as T — T = c?i ; the weight corresponding to the difference dt is entered in

line q; it is expressed as dwt (see § 16).

The total corrected added weight required to immerse the hydrometer to the

50-mm. mark at the standard temperature, T, is w + dwr-'r dwt, and is given in

line r.

The total weight of liquid displaced by the hydrometer when floating in the

liquid at the 50-mm. mark at the standard temperature, T, is entered in line s, and

is equal to the weight of the instrument in vacuo plus w + dwr + diVf

Having explained the meaning of the lines, we will proceed to inspect the results

of the observations in Table A^.

After preliminary trial, the first weight added to the hydrometer at the commence-

ment of a series of observations is chosen so that the mean of the nine series of

immersions or scale readings produced by successive added weights, each increasing

by O'l gram, shall approximate closely to 50 mm. It is evident that the initial, or

first, added weight might be different for each series of observations. In the ten series

of observations detailed in Table Aj, however, the first added weight in each case

was 0'525 gram, and therefore the nine added weights are given only once, under w,

in lines /^ to /g of the first column. Each of the ten succeeding columns contains a

complete series of observations of the immersions produced by the nine added weights,

and the steps in the calculation of the total weight of the hydrometer when floating

at the 50-mm. mark at the standard temperature.



SPECIFIC GRAVITY AND DISPLACEMENT OF SOME SALINE SOLUTIONS. 35

§ 15. Correction for Departure of the Mean Reading from 50 mm.—If the mean

reading, R, be exactly 50 mm., then the weight which must be added to the

hydrometer to immerse it to the 50-mm. mark is the mean added weight, w.

If, however, the mean reading, R, be less or greater than 50, the mean added

weight must be increased or diminished by the weight, dw^, which would increase or

diminish the immersion by the difference df between the observed mean reading, R, and

50. The calculation of this correction, dw^, is best explained by taking the series of

observations, XVII. 73, Table A^, as an example. In this case the mean reading, R, is

5072, and (if = 50 - 5072 = -072 (Knew).

The immersion in the whole series of observations is increased by 89 '2 mm.

of the stem by an addition of O'SOO gram. Hence an increase of 1 mm. in the

stem immersion is caused by the addition of - = 0*00897 gram, and a difference of^ 89-2 *

072 mm. in the immersion must be produced by the weight 0"00897 x — 072 — — 0'0064

gram, which is the required correction, dw^ (line n).

As the mean reading, R, is in this case greater than 50, the weight required to

immerse the hydrometer to 50 mm. must be less than the mean added weight, w, by

the amount of the correction, dw^, and is, therefore, 0'925 — 0'0064 = 0"9186 gram

(line o). If the mean reading, R, were less than 50 mm., the correction, dwr, would

be calculated in the same manner, but would require to be added to the mean added

weight.

§ 16. Correction for Temperature.—The weight required to be added to the hydro-

meter to cause it to float at the 50-mm. mark in distilled water of the mean observed

temperature of 15'01° C, as found above, is 0*9186 gram. A correction {dwt, line q)

must now be applied to reduce the displacement observed at the mean temperature,

T, to the standard temperature, T, which is in this case 15*00° C. Before this can

be done we must determine the value of dw^ for 0*01° C. at 15*00° C. This is

found as follows. A series of observations is made with the hydrometer in distilled

water at various temperatures, the results of which are expressed in a curve, having

displacements as abscissae and temperatures as ordinates. Suppose we wish to

find the temperature correction at, say, 23*00° C, we proceed as follows. Draw

horizontal lines through T = 23"5° and T = 22*5° C, cutting the curve at a and h

respectively. From a drop a perpendicular on ch, meeting it at c. Then the length

ac represents 1° C, while ch is the difference in the total displacement for this 1°

difference in the temperature. Knowing the value of the abscissa OX in grams per

unit length, say grams per millimetre, we measure accurately the length ch and

multiply it by this constant. This gives us the value of dwt for 1° difference of

temperature at 23° C. The value of dwt per 0*01° C. is simply the former figure

divided by 100. This process is repeated at each of the temperatures at which

observations are being made.

The value of dwt in grams per 0*01° C. at 15*00° C. has been taken as 0*00026.
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The temperature at the commencement of the observations in our example was 1 5*00°,

and at the end 1
5 "02°, the mean being 15*01°.

The departure of the mean temperature from 15*00° is, T — T = (]?i = 1501 — 15"00

= 0"01° (line p). Therefore the amount by which the added weight must be increased

for the difference dt is dwt = 0*00026 x 1 = 0*00026 gram (line q). The mean tempera-

ture observed during the time the observations were being made was higher than the

standard, so that in this case we must add the correction for temperature to the

added weight required to immerse the stem to 50 mm. at 15*00° C.

y
2600

2300".

.

1950'

I

i

15 00°-

181'hOOO

J •000475 gm per 0/ "C

00035 gm per 01 "C

00050 gm per ore

Total Displac/ng Weight
H 1

00026 gm per ore I

5000 -6000 7000

Temperature Curve for HyorometerN^//.

+-
80OQ

Finally, by adding together the mean added weight, w, the weight, dw^, for

the difference of the mean reading, R, from 50 mm., and the weight, dWi, for

the difference of the mean observed temperature, T, from the standard temperature,

T, we obtain the weight ii; + c?w;^ + c^'M;j= 0*925 + (- 0*0064) + 0*00026 = 0*91886 gram

given in line r, which must be added to the hydrometer to immerse it to the

50-mm. mark in distilled water of 15*00° C, and by adding this weight to that

of the hydrometer in vacuo we obtain 180*9113 + 0*91886 = 181*83016 grams

(line s), which is the total weight of water displaced by the hydrometer under

these conditions.

^17. The data for the determination of the total weights of hydrometer No. 17
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when floating at the 50-mm. mark in distilled water of 19 "50°, 23 "00°, and 26*00° C.

are given in Tables Ag, Ag, and A^ respectively.

The mean of the values entered in line s of each of the Tables Aj, Ag, A3, and A4 is

accepted as the correct total weight of hydrometer No. 17 when floating at the 50-mm.

mark in distilled water at the temperatures 15'0°, 19'5°, 230°, and 26'0'' C. respectively
;

they are collected in Table B with the corresponding values for hydrometers

Nos. 21 and 3.

[Tables.
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Table

Hydrometer

Details of Determination of the Total Weight of the Hydrometer

Particulars of h)'dron)eter, .

Reference to laboratory note-book,

Date of expeiimeiit,

Time at start, ....
Temperature at start, .

Added weight, w, and reading, R,
First added weight or reading.
Second

,, ,.

Third
Fourth

,, ,,

Fifth

Sixth
,,

Seventh
,, ,,

Eighth
Ninth ,, ,,

Mean added weight, w.
Mean reading, R,
Time at finish,

Final temperature.

Mean temjterature, T,

Range of temperature, _
Difference of mean reading from 50 mm. (50 - 'K^df),

Weight equivalent to displacement, df { = dWr), .

Weight required to immerse hydrometer to 50-mm. mark at mean tempera
ture, T, {w + dwr), _

Difference of mean temperature, T, from standard temperature (T-T— di)

Correction for difference, rfi ( = rfw<), .......
Weight required to immerse hydrometer to 50-mm. mark at standard tem

perature, T, (w + dwr + dwt),

Total weight displaced by hydrometer when floating at 50-mm. mark at

standard temperature, T,

a Hydi
. b ...

c

. d ...

e

fo IV

f^ 0-525

U 0-625

U 0-725

U 0-825

. u 0-925

• h 1-025

• /r
1-125

. u 1-225

• U 1-3-25

• g 0-925

. h
X

3
. k
. I

m
n

• V
• ?

r

t s

ometer No. 17.

II. 161
1903

Feb. 28

10.58 a.m.
15-00°

R
5-8

17-0

27-8

39-1

50-2

61-3

72-5

84-8

95-0

50-39

11.18 a.m.
15-00°

15-00°

0-00

-0-39

-0-C035
0-9215

0-9215

181-8328

J. Y. B., 1893
II. 165

1903
Feb. 28

11.30 a.m.
15-02°

R
6-0

17-1

28-2

39-3

50-3

61-3

72-0

84-0

95-2

50-37

11.45 a.m.
14-98°

15-00*

0-02°

-0-37
-0-0033
0-9217

0-9217

181-8330

Table

Hydrometer

Details of Determination of the Total Weight of the Hydrometer

Particulars of hydrometer,

Reference to laboratory note-book,

Date of experiment, .

Time at start, .

Temperature at start,

Added weight, w, and reading.

First added weight or reading.

Second ,, ,,

Third
Fourth ,, ,,

Fifth ,, ,,

Sixth ,, ,,

Seventh ,, ,,

Eighth
Ninth ,, _,,

Mean added wei^lit, w,

Mean reading, R,

Tiine at finish, .

Final temperature, .

Mean temperature, T,

Range of temperature.

Difference of mean reading from 50 mm. (50 -K = df),

Weight equivalent to disidacement, df
( =dwr),

Weight required to immerse hydrometer to 50-mm. mark
at mean temperature, T, {w + dwr),

Difference of mean temperature, T, from standard tempera-

ture (T-T=rfO.
Correction for difference, d?(=dw/),

Weiglit required to immerse hydrometer to 50-mm. mark
at standard temperature, T, (w + dwr + diot),

Total weight disi)laced by hydrometer when floating at

50-mm. mark at standard temperature, T,

a
b ...

c

d ...

e •.

/o w
t\

0-4

U 0-5

A 0-6

h 0-7

h 0-8

U 0-9

U 1-0

h 1-1

,/»
1-2

9 0-8

h
I

3
k
I . .*

m
n

...

P

?
r

s

IV. 137 IV. 143 IV. 149
1903 1903 1903

March 23 March 23 March 23

11.35 a.m. 2.0 p.m. 3.0 p.m.
19-58° 19-58° 19-50°

R R R
5-1 6-0 5-5

16-2 17-2 17-0

27-5 28-0 28-0

38-5 39-0 39-0

50-0 500 49-5

61-0 60-8 61
72-0 72-5 72-3

83-3 83-0 83-5

94-5 94-5 94-8

49 79 .50-11 50-06

11.52 a.m. 2.15 p.m. 3.15 p.m.
19-40° 19-48° 19-50°

19-49° 19-53° 19-50°

0-18° 0-10° 0-IjO

0-21 -0-11 -0-06
0-0018 -0-0009 -0-0005
0-8018 0-7991 0-7995

-0-01° 0-03° ...

-0-00026 0-00078

0-8015 0-7998 0-7995

181-7128 181-7111 181-7108

Hydrometer No. 17. J.Y.B., 1893
J IV. 149 IV. 155 IV. 161

1903 1903
March 24 March 24
12 p.m. 1.51 p.m.
19-53° 19-50°

R R
5-3 5-5

16-5 17-0

27-8 28-0
39-0 39-2

50-2 50-1

61-9 610
72-1 72-5

83-8 83-8

95-0 95-0

50-17 50-23

12.15 p.m. 2.5 p.m.
19-51° 19-50°

19-52° 19-50°
0-02° 0-00

-0-17 -0-23
-00015 -0-0020
0-7985 0-7980

0-02°

0-0005
0-7990 0-7980

181-7103 181-7093
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No. 17.

when floating at the 50-mm. mark in Distilled Water at 15 '00° C.

Weight in vacuo= 180-9118 grams. T=15-00°C
IV. 29 IV. 33 IV. 37 XVII. 73 XVII. 75 XVII. 77 XVII. 79 XVII, 81

1903 1903 1903 1904 1904 1904 1904 1904
March G March 6 March 6 Feb. 2 Feb. 2 Feb. 2 Feb. 2 Feb. 2

11.0 a.m. 11.58 a.m. 1.32 p.m. 11.15 a.m. 11.35 a.m. 12.23 p.m. 2.20 p.m. 2.40 p.m.
15-01° 15-00° 15-00° 15-00° 15-02° 15-00° 15-00° 15-00°

R R R R R R R R
6-1 6-1 6-1 6-0 6-3 6-3 6-3 6-3

17-2 17-1 16-5 17-2 17-5 17-3 17-5 17-5

27-5 27-5 28-2 28-5 29-0 28-8 28-5 29-0
39-8 39-0 39-5 39-8 40-0 39-9 39-9 40-0

50-5 50-2 50-5 50-8 51-0 51-0 51-0 51-1

62-3 62-0 62-0 62-0 62-0 62-0 62 62-1

72-5 72-2 73 73-0 73-1 73-0 73-0 73-1

84-0 84-0 84-5 84-0 84-2 84-1 84-1 84-1

96-0 95-3 96-0 95-2 95-5 95-3 95-3 95-3

50-65 50-37 50-70 50-72 50-95 50-85 50-84 50-94

11.14 a.m. 12.10 p.m. 1.45 p.m. 11.33 a.m. 11.50 a.m. 12.35 p.m. 2.35 p.m. 2.52 p.m.
14-99° 15 00° 15-00° 15-0-2° 15-05° 15-00* 15-00° 15-02°

1500° 15 00° 15-00° 15-01° 15-035° 1500° 15-00° 15-01°
0-02° 0-00 0-00 0-02° 0-03° 0-00 0-00 0-02°

-0-65 -0-37 -0-70 -0-72 -0-95 -0-85 -0-84 -0-94
-0-0058 -0-0033 -0-0062 -0-0064 -0-0085 - 0-0076 -0-0075 -00084
0-9192 0-9217 0-9188 0-9186

0-01°

0-0002

0-9165

0-035°

0-0009

0-9174 0-9175 0-9166

o-oi"
0-0002

0-9192 o'-'9217 0-9188 0-9188 0-9174 0-9174 0-9175 0-9168

181-8305 181-8330 181-8301 181-8301 181-8287 181-8287 181-8288 181-8281

A,.

No. 17.

when floating at the 50-mm. mark in Distilled Water at 19 '50° C.

Weiyht in mcMO = 180-9113 grams. T=19-50° C.
IV. 167 VI. 7 VI. 13 VI. 19 VI. 25 VI. 27 VI. 29 VI. 31 VI. 33 VI. 35 VI. 37
1903 1903 190J 1903 1903 1903 1903 1903 1903 1903 1903

Murch 24 March 25 March 25 March 25 March 26 March 26 March 26 March 26 Match 26 March 26 March 26
2.40 p.m. 12.12 p.m. 2.55 p.m. 3.47 p.m. 12.0 p.m. 12 18 p.m. 12.35 p.m. 1.0 p.m. 2.48 p.m. 3.3 p.m. 3.30 p.m.
19-50° 19-53° 19-50° 19-50° 19-50° 19-50° 19-50° 19-50° 19-50° 19 50° 19-51°

R R R R R R R R R R R
5-8 5-3 5-8 5-8 5-3 6-0 5-5 5-8 5-5 5-8 5-5

17-0 16-5 17-0 170 16-5 170 16-5 17-0 16-5 17-0 16-5
28-0 27-8 28-0 27-8 27-5 27-5 27-8 28-0 27-5 28-1 27-9
39-0 39-0 39-2 39-1 39-0 39-0 39-0 39-1 39-0 39-3 39-0
50-0 50-1 50-3 50-2 50-0 50-0 50-0 50-2 49-8 50-2 50-3
60-8 61-3 61-0 61-3 61-0 61-0 61-0 61-3 61-0 61-2 61-5
72-0 72-2 72-5 72-5 72-5 71-5 72-0 72-5 72-3 72-5 72-5
83-5 84-5 84-0 83-8 83-5 83-5 83-2 83-5 83-5 83-8 83-5
95-0 95-0 95-0 95-0 94-8 95-0 94-5 95-0 94-5 95-0 94-8

50-12 50-19 50-31 50-27 50-01 50-05 49 94 50-26 49-95 50-32 50-16
2.52 p.m. 12.25 p.m. 3.10 |..m. 4.2 p.m. 12.15 p.m. 12.33 p.m. 12.50 p.m. 1.15 p.m. 3.2 p.m. 3.20 p.m. 3.45 p.m.
19-50° 19-55° 19-53° 19-53° 19-50° 19-50° 19 51° 19-66° 19-50° 19-55° 19-53°
19-50° 19-54° 19-515° 19-51.5° 19-50° 19-50° 19-50° 19-53° 19-50° 19-525° 19-52°
0-00 0-02° 0-03° 0-03° 0-00 0-00 0-01° 0-06° 0-00 0-05° 0-0-2°

-0-12 -0-19 -0-31 -0-27 -0-01 -0-05 0-06 -0-26 0-05 -0-32 -0-16
-0-0010 -0-0017 -0-0027 -0-0024 0-0000 -0-0004 0-0005 -0-0023 0-0004 -0-0U28 -0-0014
0-7990 0-7983 0-7973 0-7976 0-8000 0-7996 0-8005 0-7977 0-8004 0-7972 0-7986

0-04° 015° 0-015°
...

0-03° ... 0-025° 0-02°

... 0-0010 0004 0-0004 0-0008 0-0008 0-0005
0-7990 0-7993 0-7977 0-7979 0-8000 0-7996 0-8005 0-7985 0-8004 0-7979 0-7991

181-7103 181-7106 181-7090 181-7092 181-7113 181-7109 181-7118 181-7098 181-7117 181-7092 181-7104
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Table

Hydrometer No. 17.

Details of Determination of the Total Weight of the Hydrometer

Particulars of hydrometer, a Hydrometer No. 17.

Reference to laboratory note-book, • h XXVm. 59

1905
XXV 11 1. 61

1905
XXVIII. 63

1905
Uatfi of experiment, . c June 6 June 6 June 6
Time at start, . d 10.52 a.m. 11.42 a.m. 12.25 p.m.
Temperature at start, c 23-05° 23 00° 23-03°

Added weight, w, nnd reading, R, /o w R R R
First added weight or reading. /l 0-25 2 2 1-8 2-2

Second ,, ,, /a 0-35 13-5 12-2 12-5

Third /s 0-45 24-8 23-8 24-5

Fourth /4 0-55 35-8 35-0 35-8

Filth /s 0-65 47 46-2 46-8

Sixth /e 075 68-0 57-2 57-2

Seventh ,, ,, A 0-85 690 68-5 68-8

Eighth /a 0-95 80-0 79-5 79-2

Ninth ,, „ /d 1-05 90-8 90-5 91-2

Mean added wej^ht, w, 9 0-65

Mean reading, R, h ...
46 '-jg 46-08 46-47

Time at finish, . i ... 11.15 a.m. 12.00 p.m. 12.40 p.m.
Final temperature, _. 3

22-85° 22-90° 23-02°

Mean temperature, T, k 22-95° 22-95° 23 025°

Range of temperature. I 0-20° 0-10° 0-01°

Difference of mean reading from 50 mm. (50-R= <^r), m 3-21 3-92 3 -,^3

Weight ei|Uivalent to displacement, df {=dwr), n ... 0-0290 0-0354 0-0319

Weiglit required to immerse liydrometer to ."iO-mm. mark at mean tempera- 0-6790 0-6854 6819
ture, T, {w + dwr).

Difference of mean temperature, T, from standard temperature {T-T^dl), P -0-05° -0-05° 0025°
Coriection for diti'ereace c?i (=rft«(), q -0-0015 -0-0015 00007
Weight required to immerse hydrometer to 50-mm. mark at standard tem- r ... 0-6775 6839 0-6826

perature, T, { = w + dwr + diLH),

Total weight displaced by hydrometer when iloating at 50-mm. mark at s 181-5888 181-5952 181-5938

standard temperature, T,

Table

Hydrometer No. 17.

Details of Determination of the Total Weight of the Hydrometer

Particulars of hydrometer.
Reference to laboratory note-book.

Date of experiment.

Time at start.

Temperature at start,

Added weight, w, and reading, R
First added weight or reading.

Second ,, ,,

Third
Fourth ,, ,,

Fifth

Sixth ,,

Seventh ,, ,,

Eighth ,, ,,

Ninth ,, ,,

Mean added weight, w, .

Mean readinjr, R, .

Time at finish,

Final tcmpeiature,

Mean temperature, T,

Kange of tempeiature, .

Dill'erence of mean reading from 50 mm. (50- \i = df)
WeiL'ht equivalent to di.splacenicnt df ( =dw,), . _
Weight required to iramor.se hydrometer to 50-mm. mark at mean temperature, T, {iv + dWr).

Dill'eieiice of me in temperature, T, from standard temperature (T - T = rf?)

Correction for dilletence d/I (=rfw(), .......
Weisiht required to immerse hydrometer to .'iO-mm. maik at standard temperature, T,

( =w + dwr + dwt),

Total weight displaced by hydrometer when floating at 50-ram. mark at standard
tem[)erature, T,

a
b

c

d
e

/o

/i

A
fz

/4

h
h
fn

fs

h
9
h
i

J
k
I

m
n

P
9.

r

Hydrometei- No.
VIIL 47
1903

July 2

3.20 p.m.
26-00°

17.

w
0-175

0-275
0-375

0-475

0-575
0-675

0-775
0-875

0-975

0-575

R
6-0

17-1

28-5

39-8

50-8

62-0

73-2

84-3

95-6

50-81

3.35 p.m.
26-10°

26-05°

0-10°

-0-81
-0-0072
0-5678
0-05°

0-0018

0-5696

181-4809
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J. Y. B., 1893.

when floating at the dO-mm. mark in Distilled Water at 2
3 "00° C.

J. Y. B., 1893. Weight in rflsmo = 180-9113 gram 5. T = '23-00°C.
XXVIII. 65 XXVIII. 67 XXVIII. 69 XXX. 107 XXX. Ill XXX. 141 XXX. 143 XXX 145 XXX. 147

1905 1905 1905 1905 1905 1905 1905 1905 1905

June 6 June 6 June 6 July 12 July 12 July 17 July 17 July 17 July 17

1.40 p.m. 2.17 pm. 4.3 p.m. 10.35 a.m. 11.20 a.m. 1.54 p.m. 2.22 p.m. 3.15 p.m. 4.0 p.m.
23-00° 23-00° 23 00° 22-80° 23-10° 23-00° 23-00° 23-00° 23-00°

R R R w R R R R R R
2-0 2-2 1-5 0-275 3-2 5-2 6-2 6-2 5-2

. 6-2

12-2 12-8 11-5 0-375 15-2 16-2 17-2 17-2 16-2 17-2

23-8 23-5 23-2 0-475 26-2 27-2 27-8 28-0 27-5 28-0

35-2 35 34-2 0-575 37-0 37-8 38-2 38-2 38-2 38-2

45-0 46 45-2 0-675 48-2 47-8 49-0 49-2 48-5 49-2

55-8 57-5 55-8 0-775 59-2 60-2 600 60-2 60-0 60-2

68-2 68-5 67-8 0-875 70-2 71-2 71-2 71-2 71-2 71-2

79-2 78-8 78-5 0-975 81-2 82-2 82-2 82-2 82-2 82-5

90-2 90-0 89-5 1-075

0-675
93-2 94-2 94-2 94-2 93-2 94-2

45-73 46-03 45-25 48-177 49-111 49 555 49-622 49-133 49-655

2.0 p.m. 2.30 p.m. 4.23 p.m. 10.57 a.m. 11.40 a.m. 2.8 p.m. 2.40 p.m. 3.33 p.m. 4.10 p.m.
23 00° 23-00° '23-00° 23 00° 23-22° 2300' 23-00° 23-00° 23-00°

23-00° 23-00° 23-00° 22-90° 23-16° -23-00" 23 00° 23-00° 23-00°

00 0-00 0-00 0-20° 0-12° 0-00 0-00 0-00 0-00

4-27 3-97 4-75 1-823 0-889 0-445 0-378 0-867 0-345

0-0386 0-0360 0-0430 0-0164 0-0080 0-0040 0-0034 0-0078 0-0031

0-6886 6860 0-6930 0-6914

-0-10°

-0-0031

0-6830

0-16°

0-0049

0-6790 0-6784 0-6828 0-6781

0-6886 0-6860 0-6930 0-6883 0-6879 0-6790 6-6784 6-6828 6-6781

181-5999 181-5973 181-6043 181-5996 181-5992 181-5903 181-5897 181-5941 181-5894

A4.

J. Y. B., 1893.

ivhen floating at the 50-mm. mark in Distilled Water at 26*00° C.

J. Y. B., 1893. Weight wwcMO = 180-9113 grams. T = 26-00''C.
VIII. 49 VIII. 51 VIII. 53 VIII. 55 VIII. 57 VIII. 59 VIII. 61 VIII. 63

1903 1903 1903 1903 1903 1903 1903 1903
July 2 July 2 July 2 July 3 July 3 July 3 July 3 July 3

3.35 p.m. 3.55 p.m. 4.15 p.m. 12.15 p.m. 12. 30 "p.m. 12.45 p.m. 1.5 p.m. 11.50 a.m.
26-10° 26-10° •26-00° 26-01° 26-00° 26-00° 26-00° 26-00°

R R R R R R R R
6-8 6-8 7-0 6-3 6-3 6-3 6-3 6-3

17-8 17-8 18-2 17-0 17-0 17-1 17-1 16-3
29-2 29-3 29-5 27-8 28-5 28-5 28-2 27-0
40-^ 40-5 40-5 39-8 39-2 39-0 39-3 39-2
51-5 51-5 51-8 50-8 50-8 50-5 50-0 50-1

62-8 62-5 63-0 61-3 61-8 61-8 61-8 61-3

74-0 74-0 74-0 73-0 73-0 72-3 72-2 73-0
85-0 85-0 85-0 84-0 84-2 84-0 84-5 84-0
96-2 96-2 96-2 95-0 95-3 95-5 95-5 95-0

51-53 51-51 51-68 50-55 50-67 50-55 50-54 50-24

3.50 p.m. 4.10 p.m. 4.30 p-m. 12.28 p.m. 12.45 p.m. 1.0 p.m. 1.15 p.m. 12.10 p.m.
26-10° 26-00° 26-00° 25-95° 25-98° 26-00° 26-00° 25-80°
26-10° 26-05° 26-00° 25-98° 25-99° 26-00° 26-00° 25-90°

0-00 0-10° 0-00 0-06° 0-02° 0-00 0-00 0-20°

-1-53 -1-51 -1-68 -0-55 -0-67 -0-55 -0-54 -0-24
-0-0137 -0-0135 -0-0152 -0-0049 -0-0060 -0-0049 -0-0048 -0-2100
0-5613 0-5615 0-5598 0-5701 0-5690 0-5701 0-5702 5729
0-10° 0-05° -0-02° -0-01°

• *. -0-10°

0-0036 0-0018 ..• -0-0007 -0-0003 -0 0036
0-5649 0-5633 0-5598 0-5693 0-5687 0-5701 0-5702 0-5693

181-4762 181-4746 181-4711 181-4806 181-4800 181-4814 181-4815 181-4806

TRA.NS. ROY. SOG. EDIN., VOL. XLIX., PART I. (NO. 1).
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Table

HydroTneter

Details of Determination of the Total Weight of the Hydrometer

Particulars of h)'drometer,

Reference to laboratory note-book,

Date of experiment, .

Time at start, .

Temperature at start.

Added weight, w, and reading, R,

First added weight or reading,

Second
,

,

,

,

Third
Fourth

,

,

,

Fifth

Sixth
Seventh

,

,

,

,

Eighth
Ninth ,,

_
„

Mean added weight, w,

Meau reading, R,

Time at finish, .

Final temperature, _.

Mean temperature, T,

Range of temperature,

Difference of mean reading from 50 mm. (50 - R=t/r),

Weight equivalent to displacement df ( =d'w,

Weight required to immerse hydrometer to 50-mm. mark
at mean temperature, T, {w + divr),

Difference of mean temperature, T, from standard tempera-

ture (T-T=d<),
Correction for difference c?i ( = (;?W()

Weight required to immerse hydrometer to 50-mm. mark
at standard temperature, T, {=w + d^Vr + dwt),

Total weight displaced by hydrometer when floating at

50-mm. mark at standard temperature, T.

a Hydrometer No. 21. J. Y. B., 1893.

b II. 17 IV. 139 IV. 145 IV. 151 IV. 157
1903 1903 1903 1903 1903

c Feb. 10 March 23 March 23 March 23 March 24

d ... 1.15 p.m. 12 p.m. 2.20 p.m. 3.15 p.m. 12.25 p.m.

e 19-8° 19-55° 19-55° 19-50° 19 51°

h w R R R R R
A 0-4 4-2 40 3-5 3-8 3-5

h 0-5 160 15-3 15-1 15-5 15-1

h 0-6 28-0 27-1 27-0 27-2 26-2

h 07 39-1 39-0 38-5 39-0 38-5

h 0-8 500 610 50-5 50-8 50-5

h 0-9 62-5 62-3 62-2 62-5 62-0

A 1-0 74-2 74-2 74-0 74-3 73-5

U 1-1 86-0 86-0 86-0 86-0 85-2

U 1-2 97-3 97-5 97-5 97-5 97-5

g 0-8

h 50-81 50-71 50-47 50-73 50-22

i 1.28 p.m. 12.15 p.m. 2.35 p.m. 3.30 p.m. 12.40 p.m.

J ... 19-50° 19-49° 19-45* 19-51° 19-50°

k ... 19-65° 19-52° 19-50* 19-505° 19-505°

I ...
0-30° 0-06° 0-10° 0-01° 0-01°

in ... -0-81 -0-71 -0-47 -073 -0 22
n -0-0069 -0-0060 -0-0040 -0-0062 -0-0018

0-7931 0-7940 0-7960 0-7938 0-7982

P o-is" 0-02° 0-005° 0-005°

q 0-0040 0-0005 0-0001 0-0001

r 0-7971 0-7945 07960 07939 0-7983

s 188-5796 188-5770 188-5785 188-5764 188-5808
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^5-

No. 21.

when Jloating at the 50-mm. mai^k in Distilled Water at 19-50° C.

Weight in i>«ffio = 187 '7825 grams. T = 19-50° c.

IV. 163 IV. 169 VL 9 VI. 15 VI. 21 VI. 39 VI. 41 VI. 43 VI. 45 VI. 47 VI. 49

1903 1903 1903 1903 1903 1903 1903 1903 1903 1903 1903
March 24 Marcli 24 March 25 March 25 March 25 March 27 March 27 March 27 March 27 March 27 March 27

2.8 p.m. 2.53 p.m. 2.40 p.m. 3.15 p.m. 4.3 p.m. 2.0 p.m. 2.15 p.m. •2.40 p.m. 3.0 p.m. 3.18 p.m. 3.38 p.m.
19-50° 19-50° 19-50° 19-50° 19-53° 19 -50° 19-50° 19-53° 19-50° 19-50° 19-50°

R R R R R R R R R R R
3-8 3-8 3-1 4-0 4-0 3-5 3-3 4-2 4-0 4-0 4-0

15-5 15-5 15-0 15-5 16-0 15-3 15-2 16-0 15-8 15-8 15-5

27-2 27-5 26-8 27-5 28-0 26-8 27-2 28-0 27-5 27-5 27-5

39-0 39-1 38-5 39-1 39-3 38-5 39-0 39-3 391 39-0 39-2

50-8 51-0 50-5 51-0 61-0 50-5 51-0 51-0 51-0 51-0 51-0

62-5 62-8 61-8 62-5 62-8 62-3 62-5 63-0 62-8 62-2 63-0

74-3 74-5 74-0 74-2 74-8 74-2 74-5 75-0 74-5 74-5 74-5

86-0 86-0 860 86-0 86-3 86-0 86-0 86-5 85-8 86-0 86-2

97-5 98-0 97-5 97-5 98-0 97-5 98-0 98-0 97-5 98-0 98-0

50-73 50-91 50-35 50-81 51-13 .50-51 50-74 51-22 50-88 50-88 50-98
2.23 p.m. 3.10 p.m 2.55 p.m. 3.30 p.m. 4.18 p.m. 2.13 p.m. 2.30 p.m. 2.55 p.m. 3.15 p.m. 3.35 p.m. 3.55 p.m.

19-50° 19-5,5° 19-50" 19-50° 19-59° 19-50° 19-55° 19-51° 19-50° 19-52° 19-58°
19-50° 19-525° 19-50° 19-50° 19-56° 19-50° 19-525° 19-52° 19-50° 19-51° 19-54°

0-00 0-05° 0-00 0-00 0-06° 0-00 0-05° 0-0-2' 0-00 0-02° 0-08°

-0-73 -0-91 -0-3.5 -0-81 -1-13 -0-51 -0-74 -1-22 -0-88 -0-88 -0-98
-0-0062 -0-0077 -0-0030 -0-0069 -0-0096 -0-0043 -0-0063 -0-0104 -0-0075 -0-0075 -0-0083
0-7938 07923 7970 0-7931 07904 0-7957 07937 07896 07925 0-7925 07917

0-025° ...
0-06°

... 0-025° 0-02° 0-or 0-04°

0006 0-0016 0-0006 0-0005 0-0002 0-0011
07938 0-7929 0-7970 0-7931 0-7920 0-7957 0-7943 7901 0-7925 0-7927 0-7928

188-5763 188-5754 188-5795 188-5756 188-5745 188-5782 188-5768 188-5726 188-5750 188-5752 188-5753
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Table B.

Observed Total Weights of Hi/drometers tvhen floating .at the bQ-mm. mark

in Distilled Water at various Temperatures.

Hydrometer. Temperature. Mean Total Weight.
Grams.

Number of

Series of

Observations.

Maximum Departure
from the Mean.

Probable Error of

Arithmetical Mean.

17 15-00 181 8304 10 0049

+
0-0006

19-50 181-7105 16 0-0023 0-0002

23-00 181-5952 12 00093 0-0010

26-00 181-4785 9 0-0074 00008

21 15-00 188-7012 12 0-0085 0-0007

19-50 188-5767 16 0-0040 0-0003

23-00 188-4570 15 0-0107 0-0011

26-00 188-3363 9 0-0031 0-0005

3 15-00 179-3116 12 0-0117 0-0012

19-50 179-1987 12 0-0040 0-0005

23 00 179-0757 4 0-0006 0-0001

26-00 178-9697 16 0-0038 0-0002

Section III.

—

Determination of the Specific Gravity of a Saline Solution.

§ 18. When determining the specific gravity of a saline solution by the hydrometric

method, it is necessary first to find the weight which must be added to the hydrometer

to immerse it to the 50-mm. mark when floating in the saline solution at the

chosen standard temperature. This added weight is found by a series of observations

in exactly the same manner as with the hydrometer in distilled water (see § 14 ei seq.).

The details of three series of observations with hydrometer No. 17 in a solution

of \ gram-molecule of csesium chloride in 1000 grams of water at 19 "50^ are given

as an example in Table C. This table is arranged in the same manner as Table A^.

The correction for the difference of the mean immersion from 50 mm. is calculated

in the same manner as has been explained in connection with the determination of the

displacement of hydrometer No. 17 in distilled water.

Taking the series XX. 79 as an example, we find that an increase of O'S gram in

the added weight increases the stem immersion from 6*0 to 93*5 mm., that is,

87 '5 mm. ; hence each mm. increase in the stem immersion is caused by an addition

of 0*800/87'5 = 0'00914 gram. The difference of the mean reading from 50 mm. in

the series in question is 50 — 49'62 = 0*38, which is equivalent to an added weight of

0-00914 X 0-38 - 0-0034 gram.

As the mean reading is less than 50 mm., the hydrometer is not sufficiently

immersed in the solution ; therefore the added weight is too small and must be in-

creased. The weight to be added is 0'0034 gram; the resultant weight which must

be added to the hydrometer to immerse it to the 50-mm. mark in the solution at

the mean observed temperature is therefore 3-7 -H 0'0034 = 3 7034 grams (line o).
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As in the three series detailed in Table C the mean observed temperature is

identical with the standard temperature, 19 "50°, no temperature correction is required,

and the weight 37034 grams is that which is, in the first case, required to immerse

the hydrometer to the 50-mm. mark in the saline solution of 19-50°.

Adding this weight to that of hydrometer No. 17 in vacuo, we get 180'9113

+ 37034= 184'6147 grams, entered on line s ; this is the total weight of the hydro-

meter when floating at the 50-mm. mark in the solution under experiment.

Dividing this number by the displacement of the hydrometer when floating at the

50-mm. mark in distilled water of the same temperature, 19'5° C, namely, 18r7105

grams, line s', Table C, we obtain 1 '01 5982 as the specific gravity of the solution.

The specific gravity calculated from each series of observations is given at the foot of

the corresponding column, in line t.

Table C.

Hydrometer No. 17.

Details of the Determination of the Total Weight of the Hpdrometer when floating

at the 50-m?>i. mark in a solution of ^ gram-molecule of Ccesium Chloride in

1000 grams of water at 19*50° C, and the Specific Gravity of the Solution.

Particulars of hydrometer, . a Hyd. No. 17. J. Y. B., 1893 Weight in vacuo = 180-9113 grms.

Reference to laboratory note-books, b XX. 79 XX. 87 XX. 91

Date of experiment, .... c April 22, 190i April 22, 1904 April 22, 1904
Time at start, ..... d 2.00 p.m. 3.18 p.m. 3.50 p.m.

Temperature at start. t 19-50° 19-50° 19-50°

Added weight, w, and reading, R, /o w R R R
First added weight or reading, R, /l

3-3 6-0 5-5 5-5

Second f1 3-4 16-5 16-5 16-5

Third h 3-5 28-0 27-5 27-5

Fourth A 3-6 38-5 38-3 38-5

Fifth h 3-7 49-8 49-5 49-5

Sixth U 3-8 60-5 60-3 60-3

Seventh ,, ,, , fi
3-9 71-3 71-1 71-1

Eighth „ fs 4-0 82-5 82-0 82-5

Ninth /o 41 93-5 93-0 93-5

Mean added weight, w. 9 3-7

Mean reading, R, . . . . h 49-62 49-30 49-43

Time at finish, ..... i 2.15 p.m. 3.35 p.m. 4.05 p.m.

Final temperature, .... J 19-50° 19-50° 19-50°

Mean temperature, T, ... k 19-50° 19-50° 19-50°

Range of temperature. I 0-00 0-00 0-00

Difference of mean reading from 50 m 0-38 0-70 0-57

mm. (50-R = dr),

Weight equivalent to displacement dr n 0-0034 00063 0-0052

{ = dwr),

Weight required to immerse hydrometer 3-7034 3-7063 3-7052

to 50-mm. mark at mean temperature,

T, {w + dio,),

Difi'erence of mean temperature, T, P ... 000 0-00 0-00

from standard temperature, T, (T - T
= dt),

Correction for difference dt ( = dwt), 9 0-00 0-00 0-00



46 MR J. Y. BUCHANAN ON THE

Table C—continued.

Weight required to immerse hydro- r 3-7034 3-7063 3-7052

meter to 50-mm. mark at standard

temjjerature, T, ( = w + dio,. + dw^,
Total weight of solution displaced by s • • • 184-6147 184-6176 184-6165

hydrometerwhen immersed to 50-nim.

mark at standard temperature, T,

Corresponding weight in distilled water s ... 181-7105 181-7105 181-7105

Specific gravity of solution-^ t ... 1-015982 1-015998 1-015992

§ 19. Influence of the Meniscus.—It may be here pointed out that the weight

which causes the immersion of the hydrometer is its own weight plus that of the liquid

meniscus which it carries on the stem above the line of flotation. It is impossible to

measure or weigh this exactly ; but we are concerned only with the question if,

and to what extent, it can affect the exactness of the determination of the specific

gravity of our solutions.

The weight of the meniscus depends on the surface-tension of the liquid, and this

has been determined for distilled water and for a few saline solutions. The results are

given in Tables Nos. 124 to 129 of the Smithsonian collection of Physical Tables, of

which a new edition has been recently published.* In these tables only one salt

belonging to either of the enneads MR or MROg is included, namely, chloride of

potassium. For the solutions of the remaining seventeen salts there are no experi-

mental data. We are therefore unable to state exactly the effect which would be

produced on the specific gravities of their solutions if the weights of the meniscuses of

the distilled water and of the solution had been taken into account. Nevertheless, it

is worth while to study the influence of the meniscus on the specific gravity of the

solutions of the salts quoted in the table, because light will thereby be thrown on

the probable extent of its influence on the specific gravity of the solutions of the

salts of the two enneads.

When we determine the specific gravity of a solution, we first immerse the hydro-

meter in distilled water, and add (if necessary) small weights to the top of the stem

until it floats at a certain division on the stem, say 50 ; and we call the total displacing

weight H. We then immerse the hydrometer in the solution, having the same

temperature as the distilled water had, and add weights to the top of the stem until

the instrument floats in the solution at the same division, 50 ; and we call the total

TT/

displacing weight H'. Then the specific gravity of the solution is S = -^ • Here we

have not taken account either of the meniscus of the distilled water or of that of the

solution. But each of these meniscuses exerts the pressure of its own weight and

contributes to the displacing weight of the instrument when it floats at 50 in the

distilled water and the solution respectively. Let h = the weight of the meniscus of

* Smithsonian Physical Tables^ 5tli revised edition, 19 lU.
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distilled water, and let h' = that of the solution, then the two displacing weights are

XT/
I JJ

H + h and H' + h\ and the specific gravity is S^ = ^—j- The data given in the

Smithsonian Tables, Nos. 124 and 126, enable us to arrive at the value of h for distilled

water. Table No. 124, and at those of h! for certain solutions of the salts included

in Table No. 126. In the following table the effect of introducing the weight of

the meniscus in the hydrometric determination of the specific gravity of some of the

solutions contained in Smithsonian Table No. 126 has been calculated. The tabular

specific gravity (col. h) furnished by the Smithsonian Tables is taken to represent the

hydrometric specific gravity arrived at without taking into account the influence of the

meniscus. From this, and using the surface-tension of distilled water, and that of the

solutions furnished by the Smithsonian Tables given in columns d and e, the hydro-

metric specific gravity of the same solution, having regard to the weight of the

meniscus, is calculated and entered in column I. The details of this calculation are as

follows. In column a we have the formula of the salt in solution, in column h the

specific gravity of the solution. In column c is the temperature, and in column e is the

surface-tension of the solution at that temperature. The surface-tension of distilled

water at the same temperature is given in column d. In columns d and e the values

of the surface-tension are expressed in dynes per centimetre. Accepting 1/981 gram as

the pressure which balances the force of 1 dyne, the weight, in milligrams, of liquid

lifted by 1 centimetre of glass is obtained by multiplying the entries in the fourth

column by TO 19. If the circumference of the stem of our hydrometer were exactly

1 centimetre, this would be the weight of the meniscus.

The circumference of the stem of hydrometer No. 17, the one which has been most

frequently used, is 1*062 centimetre; therefore, to get the weight in milligrams of the

meniscus supported by it, we must multiply the entry in column d by 1*019x1 "062

= 1-0822.

Consider the first line of the table. The salt dissolved is NaCl. Taking the

total weight of hydrometer No. 17 when floating at the 50th division in distilled water

to be 1817105 grams (col. h), and multiplying this number by r036 (col, 6), the

tabular specific gravity of the least concentrated solution of NaCl quoted in the table,

we obtain 188 "2521 (col. i) as the displacing weight of this hydrometer when floating

at the 50th division in NaCl solution of the specific gravity r0360. The surface-

tension of distilled water at 20° C. is given (col. d) as 72-8 dynes per centimetre.

Multiplying this by r0822, we obtain 78*8 milligrams (col. / ) as the weight of the

meniscus of distilled water. Similarly, multiplying 7 7 '6, the surface-tension of the NaCl

solution in dynes per centimetre, by r0822, we obtain 84'0 milligrams (col. g) as the

weight of the meniscus of this solution supported by the stem of hydrometer No. 17.

We have, then, after taking account of the influence of meniscus, for the displacing weight

of the hydrometer when floating in distilled water, 1817105 -f- 0-0788 = 181-7893 grams

(col. j), and for that of the hydrometer when floating at the same division in NaCl solu-
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tion, 188-2521 +0-0840= 188-3361 grams (col. k). Dividing this number by 181*7893,

we obtain for the specific gravity of the solution, amended for the weight of meniscus,

^h-
188-3361

181-7893
= 1-036013 (col. Z).

The difference between the two specific gravities is 1-8 in the fifth place. This

difference is higher than the average. In the case of the nearly saturated solution of

NaCl, sp. gr. = ri932, the difference is only 1 in the fifth place. In the corresponding

solutions of KCl the difference in the dilute solution is 1, and in the concentrated

solution 2, in the fifth place. In the case of CaClg both solutions are of considerable

concentration ; the difference in the more concentrated is 2, and in the less concentrated

r7, in the fifth place. In the case of MgClg the difference in the dilute solution is 1,

and in the concentrated solution 0-4, in the fifth place. It is therefore evident that

the specific gravity of solutions determined by the hydrometric method is not affected

by an error due to the influence of the meniscus which calls for correction.

The specific gravity of the less concentrated NaCl solution is 1'036, that of average

oceanic sea-water is not greater than r027 ; therefore the influence of the meniscus in

sea-water of highest concentration would be not greater than 1 in the fifth place.

Tn all my hydrometric ivork on sea-water the infiuence of the meniscus has been dis-

regarded, because I recognisedfrom the beginning that the ratio of the iveights of the

meniscus must be the same as that of the masses of the liquids displaced by the same

im,mersed portion of the hydrometer, unless their volumes differed considerably, and of

this there was no evidence.

a. h. e. d.

il-0822c^. l-0822e.

g- h.

hxb.

i.

h+f.

J-

i+g. k/j.

I.

l-b.

m.

Salt

dis-

solved.

Without
Meniscus.

Temp.
°C.

20
20
15

15

15

15

19

19

Surface-
, height in

tension, M,-n;„^o„,c «f

Without Meniscus. With Meniscus.
With

Meniscus.

Difference.
Specific

Giavityof
Solution.

dynes
per cm.

Meniscus. Weight of

Hydrometer in

Weight of

Hydrometer in Specific

Gravity of

Solution.
H,0.

Solu-

tion.
HaO.

Solu-

tion.
HgO. Solution. H2O. Solution,

NaCl
NaCl
KCl
KCl
MgCl^
MgCl^
CaCl2

CaCl2

1-03600

1-19320

1-04630

1-16990

1-03620

1-23380

1-27730

1-35110

72-8

72-8

73-5

73-5

73-5

73-5

72-9

72-9

77-6

85-8

78-2

82-8

78-0

90-1

902
95-0

78-8

78-8

79-5

79-5

79-5

79-5

78-9

78-9

84-0

92-8

84-6

89-6

84-4

97-5

97-6

102-8

181-7105

181-7105

181-7105

181-7105

181-7105

181-7105

181-7105

181-7105

188-2521

216-8168
190-1237

212-5831

188-2884

2241943
232-0987

245-5090

181-7893

181-7893

181-7900

181-7900

181-7900

181-7900

181-7894

181-7894

188-3361

216-9096

190-2083

212-6726

188-3728

224-2918

232-1963

245-6118

1-036013

1-193190

1-046310

1-169880

1036210
1-233796

1-277283

1-351080

+ 0-000013
-0-000010
-0-000010
- 0-000020

+ 0-000010
-0-000004
-0-000017
-0-000020

§ 20. Serial Determination of the Specific Gravity of a Saline Solution.—The

method by which the specific gravity of a saline solution is determined with

the hydrometer is given in another place (see § 18), and it is there shown how the

total displacement of the instrument when floating in the solution up to the 50-mm.
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mark, and at the standard temperature, is obtained. In that method the mean values

of the added weights and the corresponding scale readings are utilised to obtain

one value of the specific gravity of the solution. The conditions of the method are

that exactly the same volume of the hydrometer shall be immersed in the solution

and the distilled water, the temperature of both being the same, and the total weight

required to cause the instrument to float at 50 mm. in the saline solution divided

by the total weight required to float it at the 50-mm. mark in distilled water gives

the specific gravity of the solution.

In an experiment the hydrometer is loaded with nine successive weights in-

creasing by O'l gram in each step, and the reading of the stem is observed after each

addition. It is evident that if we take the first of the readings and find the weight

that would have to be added to the hydrometer when it was floating at the same

level in distilled water, the ratio of the two total weights would give a value for

the specific gravity of the solution. In a similar way we might use the second

scale reading as the basis for another computation of the specific gravity ; and, in

general, each of the nine values of the scale readings, obtained by the addition of

successive increments of O'l gram to the stem of the hydrometer, furnishes a separate

basis for determining the specific gravity. Proceeding in this manner, the accompany-

ing table has been compiled.

Table giving Specific Gravity o/" 1/32 i?6C/+ 1000 grms. H^O at 19 '5° C.

(a) Time : 2.00 p.m.

tv. t. dwi. W. R. Wh,o. S.

0-91 19-5000 181-821300 5^9 181-314344 1-002796
1-01 -4975 -000065 •921235 170 •413622 798
1-11 •4950 130 182-021170 28-2 •514932 789
1-21 •4925 195 •121105 39-3 •613497 795
1-31 •4900 260 •221040 50-5 •715553 781
1-41 •4875 325 •320975 61-5 -814891 783
1-51 •4850 390 •420910 72-3 -911848 798
1-61 •4825 455 •520845 83^5 182-010671 800
1-71 •4800 520 620780 94-9 •112-200

Mean
792

r002793

(b) Time : 2.31 p.m.

IV. t. dWf. W. R. W„,o. S.

0-91 19-5000 181-821300 6^5 181-319701 1-002766

roi •5062 -000161 •921461 179 •421691 54
111 •5124 322 182^021622 29-0 -522019 52
1^21 •5186 484 •121783 40^0 •619795 64
1-31 •5248 645 -221944 51-1 •721003 61
1-41 -5310 806 •322105 62-1 •8-20278 60
1-51 •5372 967 •422266 73-1 -918880 67
1-61 -5434 -001128 •522427 84-2 182-016885 77
1-71 •5500 1300 •622588 95-5 -117518

Mean
73

1-002764

TRANS. ROY. SOC. EDIN., VOL. XLIX., PART I. (NO. 1).
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(c) Time: 3.02 p.m.

w. t. dw,. W. R. W„,o. S.

0^91

roi
Ml
121
1-31

r4i

1^61

1-71

19-5000 0000000 181-821300
•921300

182-021300
-121300

-221300

-321300

-421300

•521300

•621300

6-2

17-5

29^0

400
510
62^0

73^0

84^0

95^2

18r317012
•418105

•522019

•619795

•720107

•819382

•917984

182^015092
•114828

Mean

1-002782

73

50
61

57

59

66
81

81

1-002768

{d) Time : 3.30 p.m.

w. t. diOi. W. R. Wh,o. S.

0-91 19-5200 -000520 181-821820 6^5 181-319701 r002769
101 -921820 17^8 -420794 61

111 182-021820 29^0 -522019 53

121 -121820 40^0 -619795 64
1-31 •221820 bl-0 -720107 59
1-41 •321820 62^0 •819382 63
1-51 •421820 73^0 •917984 66
1-61 •521820 84^2 182^016885 74
1-71 •621820 95^3 •115724

Mean
99

1^002765

Dealing first with sub-table (a), we see that the temperature at the commencement

was 19'5° C, and at the end of the series of observations 19"48°, giving a difference of

0"02° fall during the time that the observations were being made. As nine separate

observations were made, we can assume that the temperature fell by equal amounts

between each two observations, so that if we take as the first temperature 19*5°, and

then successively subtract 0'00"25° for each reading, the last will be taken at 19*48° C.

As the temperature falls, the density of the solution rises, so that in order to com-

pensate for the fall of temperature, the weight, diVi, corresponding to this departure of

temperature from the standard must be subtracted from the total observed weight of

the hydrometer. The values of dwi are placed in the column headed diVt. Under iv

are given the small weights which were placed on the stem of the hydrometer in order

to immerse the instrument. Under W is given the total weight of the hydrometer,

corrected for temperature, that causes it to float at the scale reading, R, at 19'5'' C.

In column Wh^o is given the corresponding total weight when the hydrometer is

immersed in distilled water of 19"5°C. The value found for the specific gravity for

each added weight is given under S.

'J'he values found for the specific gravity in this series are greater than those found
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in series (h), (c), or (d), but it will be noticed that the values agree very well inter

se, the maximum difference, or amplitude, between any two values being only 19 in

the sixth decimal place. For series b, c, and d the amplitudes are 25, 32, and 46

respectively ; or if we take the difference between the highest and the lowest value

of the specific gravity in any of the three series, the amplitude is only 49 in the sixth

deciinal place.

Attention should be called to the number of figures after the decimal place given

in columns t, dwt, W, and Wh^o, which is greater than is consistent with the prob-

ability of experimental error, but they are inserted in order to facilitate the better

understanding of the various steps in the process of correcting for temperature, and to

avoid any ambiguity which might arise were the temperatures only given to two

places of decimals, and the corresponding weights to only four decimal places. The

effect of inclusion or exclusion of the last two decimal places in W and Wg^o has

no appreciable effect upon the value of the sixth decimal figure in the specific gravity.

Twenty-seven salts—KCl, EbCl, CsCl, NaCl ; KBr, EbBr, CsBr ; KI, Rbl, Csl

;

KClOg, RbClOg, CsClOg; KBrOg, RbBrOg, CsBrOg ; KIO3, RblOg, CsIOg ; KNO3,

RbNOg, CsNOg, LiNOg, NaNOg, Sr(N03)2, Ba(N03)2, and Pb(N0g)2—have been dealt

with in solutions varying in concentration from 1/2 to 1/1024 gram-molecule per 1000

grams of water, and at temperatures of 15", 19'5°, 23°, and 26° C.

§ 21. Statistics relating to the Range of Variation of Temperature during a

Series of Observations.—In the following table statistics of the variations of the

temperature of the liquid, while a total of 1316 series of observations was made

with hydrometers Nos. 17 and 21—namely, 837 with No. 17, and 479 with No. 21

—

are given. In 68 per cent, of the series made with No. 17 there was no sensible

A. B. C. A. B. C.

Number of Series of The Nurabeis Number of Series of Tlie Numbers
Observations made During which the under A expressed Observations made During which the under A expressed

with Hydrometer No. Range of

Variation of

Temperature was

as Percentages. with Hydrometer No. Range of

Variation of

Temperature was

as Percentages.

17 21 17 21 17 21 17 21

°C. °C.
568 265 000 68-0 552 2 14 0-2 00
48 51 0-01 5-7 10-6 3 15 0-4 0-2

68 54 0-02 8-1 11-3 1 16 0-12 0-2

19 23 003 2-3 5-0 1 17 0'12 0-2

12 16 0-04 1-4 3-3 18 0-00 0-2

34 18 0-05 4-0 3-8 19 0-00 0-2

7 8 0-06 0-8 1-7 6 2 20 0-71 0-4

1 3 0-07 012 0-6 1 21 0-12 0-0

13 10 0-08 1-6 2-1 1 24 0-12 0-0

4 1 0-09 0-5 0-2 1 28 0-00 0-2

44 18 0-10 5-2 3-8 1 0-30 0-12 0-0

1

1 3

0-11

0-12

0-12

012
00
0-6

1 1 013 0-12 0-2 Total, 837 479 100-00 100-00
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Departure of the Mean Temperature from the Standard Temperature

during a Series of Observations.

A. B. C. A. B. C.

Number of Series of

Observations made
with Hydrometer No.

During which the

Departure of the

Mean Tempera-
ture from the

Standard
Temperature was

The Numbers
under A expressed

as Percentages.

Number of Series of

Observations made
with Hydrometer No.

During which the

Departure of the

Mean Tempera-
ture from the
Standard

Temperature was

The Numbers
under A expressed

as Percentages.

17 21 17 21 17 21 17 21

554
35
69

19

17

32
10

3

19

3

52

5

260
39
56

26

18

12

17

3

9

2

23

2

°G.
0-000

0005
0010
0015
0020
0-025

0-030

0-035

0-040

0-045

0-050

0-055

66-3

4-2

8-2

2-3

2-0

3-8

1-2

0-4

2-3

0-4

6-2

0-6

54-2

8-2

11-7

5-5

3-8

2-5

3-5

0-6

1-9

0-4

4-8

0-4

2

1

1

2

1

3

1

6

2

3

3

1

4

1

•c.
0-060

0-065

0-070

0-075

0-080

0-085

0090
0-095

0-100

0-120

0-2

0-1

0-1

0-2

Oi
0-0

0-4

01
0-7

0-2

0-6

0-6

0-2

0-0

0-9

0-0

0-0

0-0

0-2

0-0

Total, 837 479 100-0 1000

variation of temperature, and the same was the case in 55 "2 per cent, of the series

made with No. 21. If we consider the series made with both hydrometers for which

the variation of temperature was not greater than 0'05°, the percentages are almost

identical, namely, 89-5 for No. 17 and 89-2 for No. 21.

The maximum departure of the mean temperature from the standard, during any

single series of observations, was 0'12° C. ; the mean departure was 0'0075° C.

The maximum range of temperature while a series of nine observations was being

made was 0"30° C. ; the mean range of temperature for the 1316 series of nine observa-

tions each was 0"018° C.

These statistics show that the efforts made to secure constancy of temperature

were successful.

Seotion IV.

—

The Control of the Temperature of the Laboratory.

§ 22. A laboratory is an inhabited room, and in Northern Europe the temperature of

such apartments lies generally between 12° and 20° C. Consequently we find that a

large amount of specific gravity work has been done at 15° C. by Gerlach, at 19-5° C.

by Kremers, and at 17 '5° C. by others ; while the calorimetric work by Julius Thomsen,

extending over the last half-century, was all done at the temperature 18° C.

It is always possible to raise the temperature of a laboratory or a dwelling-room,

but it is not easy to lower it below the atmospheric temperature outside of the house.

The temperature of the atmosphere in our latitudes rises often above 20° C. in summer,

and then a temperature as low as 19'5°C. cannot be maintained. Similarly, in cold
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winters it is difficult to keep even a fairly well-heated room constantly at as high a

temperature as 19 "5°.

We see then that, although the temperature 19 "5° 0. may be very suitable and

be very easily maintained during the greater part of the year, this may not be the case

under the extreme conditions of raid-winter and mid-summer. It is therefore necessary,

besides the particular temperature selected as the basis of the mean temperature of

the locality, to have a higher temperature to meet the case of a warm summer, and a

lower temperature to meet that of a cold winter. When the heat outside is such that

the temperature of the air of the laboratory naturally rises above 19 "5°, I use 23° C.

as the particular temperature at which all my observations are made. On the rare

occasions when this temperature is too low, I use 26° C, and this is a very useful

temperature in tropical countries. At sea, even in equatorial regions, the highest

particular temperature that would be required is 30° C. In winter the temperature

of a laboratory or other inhabited room should never fall below 12° C. In these

circumstances 15° C. has been adopted as the particular temperature.

The room used as laboratory should be of moderate dimensions, rather small than

large, because it must be occupied only by the experimenter, and he must have absolute

control over it. It should be illuminated by sky light, and the direct rays of the sun

must be absolutely excluded. In our latitudes this means that the window must have

a northern exposure. The room should be furnished with central heating, preferably

by hot water.

When the particular temperature required for the liquid, the specific gravity of

which is to be determined, is 19 '5° C, the temperature of the air should be maintained

at 19*0° to 19 "3°, but this depends on the room. When the temperature of the liquid

has been brought exactly to 19 '5°, it will remain constant at this temperature when the

temperature of the air in the neighbourhood of the cylinder is at 19 '2° or 19 "3°, because

the heat which is removed from it by convection is equal to that supplied to it by

radiation, principally from the experimenter himself.

The constant temperature of the liquid in the cylinder is the integral efi"ect of a

number of separate elements, of which the principal are the temperature of the air

within and without the room and that of the experimenter. In mild weather, when

the temperature of the air outside is about 14° to 17° C, it is generally very easy to

regulate the temperature of the air in the laboratory so that that of the liquid in the

cylinder may remain constantly at 19*5° for the duration of the experiment. In cold

weather, however, when the temperature of the air outside may be 8° or 10° or even

more below the temperature of the room, the liquid is apt to experience sensible cooling

by radiation to the outside through the glass of the window. (Of course the window

must always be shut when experiments are being made, because the slightest

draught striking the exposed stem of the hydrometer disturbs the reading as well as

the temperature.) In these circumstances it is often difficult to maintain its tempera-

ture at 15° for the duration of the experiment.
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§ 23. It was by an accident, which for the moment was annoying, that I found a very

simple and efficacious means of counteracting this loss of heat on the part of the liquid.

At Edinburgh, in December 1902, I was making some observations on the specific

gravity of various saline solutions, and had got the temperature of the laboratory so

that 1 had no difficulty in carrying out the determinations without change of tempera-

ture of the liquid. In latitude 56° in December, even in clear weather, night begins

to fall early in the afternoon, and, in the middle of the work, I had to light the gas

in order to be able to continue it. The gas jet was fully a metre above the cylinder,

and the light which it gave, though sufficient, was far from brilliant. When I had

finished the series of the usual number, nine individual observations, and removed the

hydrometer, I took the temperature of the liquid, expecting to find that it had remained

sensibly constant as before ; but, instead of this, it showed a rise of several tenths of

a degree. As the gas had been burning for only a few minutes, it was impossible for

it, in the time, to raise the temperature of the air of the laboratory so that it, in its

turn, could raise that of the liquid in the cylijider by any sensible amount ; and, in

fact, on regarding the thermometer used for indicating the temperature of the air, it

was found that this had remained unchanged. For the moment I was perplexed ; the

shortness of the interval between the lighting of the gas jet and the production of the

heat-effect on the liquid in the cylinder situated at a considerable distance below it

puzzled me. However, after some reflection / 'perceived that it must he an effect of

radiation from the luminous flame of the gas jet, which, as soon as it was lighted,

dispatched its heat-rays in all directions and ivith the velocity of light. It was this

radiation that penetrated the cylinder and raised the temperature of the liquid in so

short a time ; and this eff"ect could be produced by no other agency.

Further reflection showed me that the agency which can raise the temperature of

the liquid in this way can also prevent it falling, I gave eff"ect to this idea by attaching

a luminous gas lamp by an india-rubber tube to one of the gas cocks on the working

bench of the laboratory, and placed it between the cylinder and the window. The

gas burner was at a height above the table inferior to that of the top of the cylinder,

and the standard which carried it could be shifted towards or away from the cylinder

at will.

It must be remembered that the provision of this gas flame was not for the purpose

of heating the air and raising or maintaining its temperature up to a certain degree ; it

was to supply the cylinder and liquid with heat, and that without warming the inter-

vening air ; and the heat so communicated from a distance was to be regulated so as

exactly to make good that which they were dissipating.

As the combustion of the gas necessarily heated air which went upwards, it was

important to secure the supply of radiant heat with the least possible combustion of

gas. This was effected by reducing the flame so as to give the smallest possible flame

which was sufficiently luminous to furnish the necessary radiation at a distance which

was found to be convenient, generally from 50 to 75 centimetres.
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§ 24. The room in which the work is carried out is 16x8 by 10 feet high, the

16-feet length being almost due north and south. The room is lighted by a fairly large

window on the north wall, and there is a door in the south wall. There is a small fume

chest projecting half way along the east wall, closed in by a casement window.

Against the west wall is a strong, well-made table about 48 x 27 inches, whereat

all the observations are made.

The room is fitted with sfas and electric liffht, and a bench runs the whole width

of the room under the window, and is fitted with gas fittings. The room is warmed

by a steam radiator. The following plan gives an idea of the general disposition of

the room :

—

Window recess,

same level as
bench.

Sink. Bench.

X Compensating luminous flame.

O 03

0>

•-d

hrj\^ S.

B

> o

f
'^y/

1

o- -Radiator.

For a typical working day the 6th December 1911 has been selected.

On arriving at the laboratory about 10.0 a.m. the room temperature was 17'6'C.,

although the radiator was working at full pressure.

The meteorological conditions, such as pressure and relative humidity, were noted

and recorded for the purpose of reducing weights "to vacuo" where solutions were to

be prepared.

The temperature of the air by this time was about 18-5° C, and the day was cold.

A bunsen was lit in the fume chest, which is at the back of the experimenter when
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seated at the table making observations. The door of the fume chest being closed, the

heat from the bunsen is very evenly distributed into the room.

The two hydrometers which were used in the experiments were taken from their

cases, were each immersed in a small cylinder containing distilled water at about 1
9 '6'' C,

and left in to attain a temperature about 19 50° C, a temperature at which the specific

gravity observations were to be made.

The solution used on this occasion was a ^ gram-molecule solution of the potassium

chloride and iodide mixed in equimolecular proportions, the molecular weight assigned

being the mean between the molecular weight of potassium chloride and that of

potassium iodide. The weight of salt represented by y^ gram-molecule was dissolved

in 1000 grams of water and was prepared overnight.

The bottle of solution had been standing near the radiator for some time to attain

a temperature near to 19 50° C.

The solution was now poured into the cylinder used for the experiments, and the

quantity was such that when the largest hydrometer was immersed to its fullest extent

the surface of the solution was fully an inch below the rim of the cylinder, a precaution

which obviates difficulties in reading likely to be occasioned by irregularities in the

glass occurring near the top.

The cylinder containing the solution was then placed on the table at a convenient

altitude for making observations (the foot of the cylinder resting on a thickness

of sixteen folds of soft German filter paper to form a non-conducting surface), and

the temperature, as observed with a standard thermometer divided into yV^li^ inch,

each division being of such a size as to enable one to read y^^jths of a degree in

temperature with comparative ease, was 1870° C, the air temperature by this time-

being 19-0° C.

An expeditious and effective method for rapidly raising the temperature of the

cylinder and contents, by stroking the side of the cylinder with the palms of the hands,

was adopted, and by this means the temperature was quickly raised to 19'50°C. exactly.

The time was then 10.50 a.m., and the room temperature 19' 1 C, so the bunsen

was lowered somewhat, and the radiator turned to half way.

On removing the hydrometers from their respective cylinders and drying them, the

temperature of the water in which they had been immersed was 19"35° C. in both cases,

so that the hydrometers were presumably at that temperature.

The temperature of the solution was still at 19*50° C, and the air temperature

19*20° C, so that the conditions were suitable for commencing observations.

After removing the thermometer from the solution and immersing it in one

of the cylinders of distilled water, the hydrometer No. 17 was taken from its case

and gently lowered into the solution, and an initial added weight placed on the

top of the stem of the hydrometer, the time of commencement of the experiment

being noted.

Nine successive readings, as the results of addition of nine weights, eight of them
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havino; the value of 0*1 gram each, were taken, and after the ninth observation the

thermometer was taken out of the distilled water and dried ; the hydrometer was

removed from the experimental solution and put into the cylinder containing the

distilled water, and the temperature of the experimental solution observed by immersing

the thermometer and gently stirring the solution.

The hydrometer was then dried and replaced in its case.

To complete the experimental data, the air temperature and time of completion of

the experiment were noted.

The following is the record of the experiment :

—

Y^ gram-molecule solution K .

Hydrometer 17.

A.ir temperature . . = 19 '20° C.

Initial solution temperature = 19'50° C.

Time . . . . =11.3 a.m.

Added "Weight.

r32 grams.

Reading.

5*2 millimetres.

1*42 „ 16-3
>>

1-52 „ 27-5
j>

1-62 „ 38-4
>>

1-72 „ 49-4
)>

1-82 „ 59-2
)>

1-92 „ 70-1
)>

2-02 „ 82-1
5>

2-12 „ 93-0
))

Mean added weight . = 172 gram.

Mean reading . . = 49*02 millimetres

Air temperature . = 19-30° C.

Final solution temperature = 19-50° C.

Time . = 11.16 a.m.

It will be seen that the air temperature rose 0-1° C. during the experiment,

which occupied 1 3 minutes, and the solution temperature remained constant ; so the

bunsen in the fume chest was lowered to a further extent, and then preparations

for the next experiment, conducted in precisely the same manner with hydrometer

No. 3, were made.

As this section deals only with temperature conditions, the following table has been

drawn up to show the temperature conditions which prevailed during the experiments

which were made on the -^^ and ^ gram-molecule solution of the potassium salt of

the mixed halides (chloride and iodide), these being the two solutions experimented

upon during the day :

—
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Quantity of Salt

Hydro-
meter
used.

Number
of Experi-

ment.

in 1000 grams
of Water,

expressed in

gram-molecules.

m.

Initial Air
Tempera-

ture.

Initial

Solution

Tempera-
ture.

Time of

Commence-
ment of

Experiment.

Final Air
Tempera-

ture.

Final
Solution

Tempera-
ture.

Time of Com-
pletion of

Experiment.

Duration
of Experi-

ment in

M-inutes.

°C. °C. °C. "C.

No. 17 1
1 19-20 19-50 11.3 a.m. 19-30 19-50 11.16 a.m. 13

„ 3 2 J)
19-30 19-50 11.20 „ 19-30 19-50 11.34 „ 14

» 17 3 fy
19-30 19-50 11.40 „ 19-30 19-50 11.54 „ 14

„ 3 4 )j
19-30 19-50 11.59 „ 19-30 19-50 12.12 p.m. 13

„ 17 5 })
19-30 19-50 12.17 p.m. 19-30 19-50 12.31 „ 14

„ 3 6 ))
19-30 19-50 12.36 „ 19-30 19-50 12.50 „ 14

No. 17 7 1 19-30 19-50 1.45 p.m. 19-30 19-50 1.57 p.m. 12

„ 3 8 )J
19-30 19-50 2.5 „ 19-30 19-50 2.17 „ 12

» 17 9
J)

19-30 19-50 2.22 „ 19-30 19-50 2.34 „ 12

,, 3 10 )J
19-35 19-50 2.45 „ 19-35 19-50 2.59 „ 14

„ 17 11 )?
19-30 19-50 3.4 „ 19-35 19-50 3.16 „ 12

„ 3 12 J)
19-30 19-50 3.22 „ 19-30 19-50 3.35 „ 13

„ 17 13 )!
19-30 19-50 3.42 „ 19-30 19-50 3.56 „ 14

It will be seen that the initial and final solution temperatures were constant to

within 0'01° C. throughout the series of experiments. There were slight variations in

the air temperature of the room, the widest range being from 19"20° C. to 19"35° C.

The rise was occasioned by turning on the radiator full for a few minutes and opening

the door for fresh air, but no change occurred in solution temperature, so that latitude

can be given in the range of air temperatures ; but from experience it is not advisable

to go below 19 '2° C. unless direct radiation can be supplied to the solution, as shown in

the earlier part of this section, the source of which can be effectively controlled.

In the conditions which obtain in this laboratory, it is possible to conduct a series

of experiments extending over the day and to maintain the temperature of each

solution constant for at least fourteen minutes if the temperature of the air is kept

0*3° lower than that of the solution.

§ 25. While the conditions which have been described are all essential for complete

success in hydrometric work from the point of view of constant temperature, it may,

and does occasionally, happen that, even after adopting all the precautions mentioned

above, a series of observations will be taken, and then the solution temperature will be

found to have changed, and with this change there has been a deviation in the value of

specific gravity, certainly in the most extreme case amounting to only a few units in

the 5th decimal place ; but the deviation coupled with the temperature change has,

in the most recent work, justified its elimination from the remaining series of observa-

tions which are perfect, in that the results of the other series agree iriter se and no

change in solution temperature has occurred.

An example of such an occurrence happened on 4th April 1911, when a series of

hydrometric observations was made upon a solution containing ^ gram-molecule NaCl

in 1000 grams water. It was the first series of the day, and although the initial and

final air temperatures for this experiment were both 19 "30° C, the solution temperature
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changed from 19'50° C. at the commencement of the experiment to 19"41° C. when the

observations were completed. The value of the specific gravity as calculated from this

experiment was r004542. This value was not included in the accepted results, and

the second series of experiments with the same hydrometer, where no change of tempera-

ture occurred in the solution during the experiment, gave a specific gravity value of

1'004570, while the mean of the whole series was 1 004579.

This variation in the solution temperature could only be due to the temperature of

the hydrometer itself being considerably lower than that of the solution, and this factor

operates in the twofold manner of lowering the solution temperature, and by virtue of

the fact that there is a contraction in the volume of the hydrometer at a lower tempera-

ture, the added weight to sink it to a given scale division is less than at the higher

temperature, so that the specific gravity value is lower than that obtained when the

hydrometer is at the standard temperature. This is indubitably the explanation of the

change in the solution temperature during the experiment quoted above, and may not

improbably account for the observation that the first reading of the day is sometimes

not comparable with the later results obtained in observations made on the same

solution.

It is not possible to directly ascertain the temperature of the hydrometer, and since

it is necessary that it should be acclimatised to the experimental temperature, the

precaution of immersing the hydrometers in distilled water at the expey'imental

temperature for some tim,e before commencing hydrometric observation is im^portant.

It ensures that the hydrometer shall be at the experimental temperature and that its

volume shall be normal for the given temperature.

The water value of one of the hydrometers is 11 gram-degrees centigrade. It is

possible to calculate the temperature of the hydrometer which would reduce the

solution temperature from 19'50°C. to 19*41° C. in the instance mentioned above,

assuming no loss of heat due to radiation (this loss is negligible in any case under

the conditions of experiment). The weight of the water in solution is about 600 grams

(specific heat= l). Hence, applying the principle of the determination of specific heat

by the method of mixtures, the temperature of the hydrometer to produce this must

be 14-59° C.

The effect of immersing the hydrometer at that temperature was to make the earlier

readings lower than they would have been if the hydrometer were at normal temperature
;

but the hydrometer is expanding, because it is in a warmer medium, so that the later

readings in the same series of observations would approach the values that would have

been obtained if the hydrometer had been at normal temperature.

It is not difficult to show that the hydrometer was at this temperature (14'59° C.)

at the beginning of the experiment, since we have its coefficient of expansion,

namely^, 0*003 c.c. per degree difference of temperature.

If we assume a mean hydrometer temperature of 17'00° C.—which is the mean

between the initial and final hydrometer temperatures—then the volume of solution
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not displaced on account of the shrinkage in bulk of the hydrometer due to lower

temperature = 0*003 x 2"5 = 0"0075 c.c, and its weight is "007 5 3 gram (specific gravity

of solution being 1 "004542).

Hence, in correcting this value of specific gravity, the weight of solution displaced

by the hydrometer is 182-53030 grams + 0-00753 gram= i82'53783 grams. The weight

of distilled water displaced = 1 8r70496 grams. The specific gravity is therefore

r004583, which closely agrees with the mean specific gravity of 1-004579.

The difference of scale reading occasioned by this difference due to temperature, and

which is equivalent to an added weight of 0-00753 gram, is 0-82 mm., and is quite

an appreciable quantity when it affects all the readings in a series to this extent.

The importance, therefore, of the precaution for commencing the series of experi-

ments with the hydrometers at the standard temperature by the simple device of

immersing them in water at, or a little above, the standard temperature for some time,

and drying them before commencing the experiments, is at once apparent.

In the following section the experimental work is embodied in a number of tables.

Full explanation is given for each class of tables. Supplemental work which was done

during the preparation of this memoir is described and discussed in later sections.

[Tables.
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Section V.—TABLES.
26. A. General Tables, giving the Facts of Observation ; namely, W, the weight, in grams, of

the solution which contains m gram-molecules of the salt dissolved in 1000 grams of water

;

S, the specific gravity of this solution at the temperature, T, referred to that of distilled

water at the same temperature as unity. From these data. A, the displacement of the

solution, is obtained by the equation A = W/S, and it is expressed in grams of water having
the temperature T. The symbol adopted for this unit is Gx- The numbers printed in

italics refer to specific gravities observed at the temperature printed in italics.

TRIAD OF CHLORIDES.
Table No. 1.

POTASSIUM CHLORIDE. KCl = 74-6.

T= 19-5° and ^5<?° C.

Weight of

Solution. Specific Displacement. Differences of
Differences of

Lo"^arithms of

Grams.
Giavity. Gt. Displacements.

Displacements.

m. W. S. W/S = A. dl^. d log A.

1/2 1037-3000 1022977 1014001 (3-0060385)*

1/4 1018-6500 1-011670 1006-899 7102 0-0030522

1/8 1009-3250 1-005889 1003-416 3-483 0-0015052

1/16 1004-6625 1-002973 1001-684 1-732 0-0007500

1/32 1002-3312 1-001489 1000-841 0-843 0-0003658

1/64 1001-1656 1-000741 1000-423 0-418 0-0001811

1/128 1000-5828 1-000365 1000-217 0-206 0-0000895

1/256 1000-2914 1-000193 1000-098 0-119 00000517
1/512 1000-1457 1-000082 1000-064 0-034 0-0000149

1/16 1004.-6625 1-00292J^ 1001-7SS

Tablb No. 2.

RUBIDIUM CHLORIDE. RbCl = 1 21-0.

T= 19-5° and ^^-O" C.

1/2 1060-5000 1-043144 1016-637 (3-0071662)

1/4 1030-2500 1-021868 1008-202 8-435 0-0036185

1/8 1015-1250 1-011023 1004-057 4-145 0-0017892

1/16 1007-5625 1-005531 1002-020 2037 0-0008819

1/32 1003-7812 1-002772 1001-006 1-014 0-0004397

1/64 1001-8906 1-001400 1000 489 0-517 00002241
1/128 1000-9453 1-000707 1000-238 0-251 0-0001090
1/256 1000-4726 1-000330 1000-122 0-116 0-0000502

1/512 1000-2363 1-000163 1000-073 0-049 0-0000215

1/16 1007-6625 1-005485 1002 066

Table No. 3.

CiESIUM CHLORIDE. CsCl = 16{?-5.

T= 19-5° and ^5-6>° C.

1/2 1084-2500 1-062572 1020-401 (3-0087709)
1/4 1042-1250 1-031739 1010-066 10-335 0-0044198
1/8 1021-0625 1-015994 1004-989 5-077 0-0021887
1/16 1010-5312 1-008036 1002-475 2-514 0-0010875
1/32 1005-26.^6 1-004035 1001-225 1-250 00005417
1/64 1002-6328 1-002027 1000-604 0-621 0-0002694
1/128 1001-3164 1-001025 1000-291 0-313 0-0001362
1/256 1000-6582 1-000514 1000-144 0-147 0-0000636
1/512 1000-3291 1-000249 1000079 0-065 0-0000280

1/16 1010-5812 1007954 1002-557

* The entry in brackets in the column d log A gives log A for the solution of highest concentration in the series. With
it and the following values of d log A in the same column the values of log A for each solution in the series can be calculated.
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A. General Tables, giving the Facts of Observation in the columns

under m, W, and S.

TRIAD OF BROMIDES.

Table No. 4.

POTASSIUM BROMIDE. KBr= 119-1.

T = 19-5° and ^50° C.

Weight of

Solution.

Grams.

Specific

Gravity.

Disitlacement. Differences of

DispUcemeuts.

Differences of

Logarithms of

Displacements.

m: Wt - S. W/S = A. dt.. d log A.

1/2 1059-5500 1-041278 1017-547 (3-0075546)

1/4 1029-7750 1-020903 1008-690 8-857 0-0037967

1/8 1014-8875 1-010528 1004314 4-376 0-0018882

1/16 1007-4437 1-005279 1002153 2161 0-0009346

1/32 1003-7218 1-002638 1001081 1-072 0-0004648

1/64 1001-8609 1-001306 1000-554 0-527 0-0002287

1/128 1000-9304 1-000652 1000-278 0276 00001195
1/256 1000-4652 1-000325 1000-139 0-139 00000602
1/512 1000-2326 1 000158 1000074 0-065 0-0000283

1/16 1007-US7 1-005306 1002-126

Table No. 5.

RUBIDIUM BROMIDE. RbBr = 165-5. " - -
--' - -

T = 19-5°C.

1/2 1082-7500 1-061247 1020-262 (3-0087116}

1/4 1041-3750 1-031081 1009-983 10-279 0-0043972

1/8 1020 6875 1-015669 1004-941 5-042 0-0021737"

1/16 1010-3437 1-007868 1002-45G 2-485 0-0010751

1/32 1005-1718 1-003945 1001-222 1-234 00005350
1/64 1002-5859 1001957 1000-627 0-595 0-0002578

1/128 1001-2929 1-000984 1000.308 0-319 00U01385
1/256 1000-6464 1-000457 1000-189 0-119 0-0000518

1/512 1000 3232 1000233 1000-090 0-099 0-0000430

1/1024 10001616 1-000079 1000-082 0-008 0-0000033

- — - -•-
-

-•
Table No. 6.

CAESIUM BROMIDE. CsBr = 213

T=19-5°C.

•0.

- .1

""112 1106-5000 1-080935 1023-650 (3-0101517).

1/4 1053-2500 1-041011 1011-756 11-894 0-0050756
1/8 1026-6250 1-020702 1005-802 5-954 0-0025632

1/16 1013-3125 1-010409 1002-873 2-929 0-0012666
1/32 1006-6562 1-005182 1001-466 1-407 0-0006097
1/64 1003-3281 1-002631 1000-695 0-771 0-0003346
1/128 1001-6640 1-001270 1000-393 0-302 00001309
1/256 1000-8320 1000607 1000-224 0-169 0-0000732
1/512 1000-4160 1-000308 1000-108 0-116 00000507
1/1024 1000-2080 1000145 1000 063 0-045 0-0000195
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A. General Tables, giving the Facts of Observation in the columns

under m, W, and S.

TRIAD OF IODIDE&.

Table No. 7.

POTASSIUM IODIDE. KI = 166-1.

T = 19-5° C.

Weight of

Solution.

Grams.

Specific

Gravity.

Displacement.

Gt.

Differeuces-of

—

Displacements.

Differences of

Logarithms of

Displacements.

m.

1

3/4

1166-1000
1124-5750

- -S.-

1-114617

1-087124

W/S=A. --

1046-189
1034-449 11-740

^logA.
(3-0196102)
0-0049008

1/2 1083-0500 1-058929 1022-778 11-671 00049276 .

1/4 1041-5250 1-029906 1011-281 11-497 0-0049095

1/8 1020-7625 1-015104 1005-574 5-707 0-0024579

1/16 1010-3812 1-007588 1002-772 2-802 0-0012119

1/32 1005-1906 1-003790 1001-395 1-377 00005967
1/64 1002-5953 1-001899 1000-695 0-700 0-0003038

1/128 1001-2976 1-000950 1000-347 0-348 00001509
1/256 1000-6488 1-000480 1000168 0-179 0-0000775

1/512 -^ - -lOOa-3244- . . .1-000235 1000-089 079 - 0-0000345

1/1024 1000-1622 1-000122 1000-040 0-049 0-0000212

Table No. 8.

RUBIDIUM IODIDE. Rbl = 212 -5.

T=19-5°C.

1/2

1/4

1106-2500

1053-1250

1-078421

1-039778

1025-805

1012-836 12-969
(3-0110649)
0-0055256

1/8 1026-5625 1-020010 1006-424 6-412 0-0027583

1/16 1013-2812 1-010046 1003-203 3-221 0-0U13921

1/32 1006-6406 1-005030 1001-602 1-601 0-0006934

1/64 1003-3203 1-002505 1000-813 0-789 0-00U3423

1/128 1001-6601 1-001237 1000-422 0-391 0-0001695

1/256 1000-8300 1-000612 lOOu-218 0204 0-0000888

1/512 1000-4150 1-000272 1000-143 0075 0000325
1/1024 1000-2075 1-000146 1000-061 0-082 0-0000353

Table No. 9.

CESIUM IODIDE. Csl = 260-C .

T=19-5°C.

1/2

1/4

1130-0000

1065-0000
1-097427

1-049480
1029-681

1014-788 14-893
(3-0127028)
0-0063273

1/8 1032-5000 1-024973 1007-343 7-445 0-0031978
1/lS 1016-2500 1-012529 1003-675 3-668 00015845
1/32 10081250 1-006299 1001-814 1-861 0-0008057

1/64 1004-0625 1-003120 1000-939 0-875 00003795
1/128 i 1002-0312 1-001546 1000-484 0-455 00001975
1/256 1

1001-0156 1-000738 1000-277 0-207 0-0000S98
1/512 1000-5078 1-000272 1000-235 0-042 00000181
1/102'J,

1

1000-2539 1-000100 1000-153 0-082 0-0000355
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A. General Tables, giving the Facts of Observation in the columns

under m, W, and S.

TKIAD OF IODIDES.

Table No. 10.

POTASSIUM IODIDE. KI = 166-1.

T = 23-0° C.

Weight of

Solution.

Grams.

Specific

Gravity.

Displacement.

Gt.

Differences of

Displacements.

Differences of

Logarithms of

Displacements.

m.

1/2

1/4

1/8

1/16

1/32

1/64

1/128

1/256

W.
1083-0500
1041-5250

1020-7625
1010-3812

1005-1906
1002-5953
1001-2976
1000-6488

S.

1-058639

1-029717

1-014990

1-007544

1-003761

1-001919

1-000950
1-000497

W/S = A.

1023-058

1011-467

1005-687

1002-816

1001-424
1000-675

1000-347

1000-152

dA.

11-591

5-780

2-871

1-392

0-749

0-328

0-195

d log A.

(3-0099005)
0-0049486

0-0024888
0-0012416
0-0006034
0-0003249
0-0001420
0-0000849

Table No. 11.

RUBIDIUM IODIDE. Rbl = 212-5.

T = 23-0''C.

1/8

1/16

1/32

1/64

1/128

1/256

1026-5625
1013-2812

1006-6406

1003-3203

1001-6601

1000-8300

1-020075

1-010092

1-005043

1-002555

1-001277

1-000653

1006-360
1003-157

1001-589

1000-763

1000-382

1000-176

3-203

1-568

0-826

0-381

0-206

(3-0027534)
0-0013943
0-0006793
0-0003582
0-0001653
0-0000893

Table No. 12.

CiESIUM IODIDE. Csl = 260-0.

T = 23-0°and^e-0°C.

1/8

1/16

1/32

1/64

1/128
1/25G

1116

1032-5000
1016-2500
1008-1250
1004-0625

100 J -03 12

1001-0156

1016-2500

1-025081

1-012637

1-006341

1-003163

1-001596

1-000814

1-01262S

1007-237
1003-608

1001-772

1000-896

1000-434

1000-201

1003-582

3-629

1-836

0-876

0-462

0-233

(3-0031318)
0-0015675
0-0007950
0-0003799
0-0002005
0-0001010
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A. General Tables, giving the Facts of Observation in the columns

under m, AV, and S.

TRIAD OF NITRATES.

Table No. 13.

POTASSIUM NITRATE. KNO3 = 101-1.

T=19-5°C.

Weight of

Solution. Specific Displacement. Differences of
Differences of

Grams.
Gravity. Gt. Displacements.

Displacements.

OT. W. S. W/S = A. d^. d log A.

1/2 1050-5500 1-030564 1019-410 (3-0083492)

V-t 1025-2750 1-015533 1009-593 9-817 0-0042028

1/8 1012-6375 1-007873 1004-727 4-866 0-0020983

1/lG 1006-3187 1-003968 1002-342 2-385 00010319
1/32 1003-1593 1-002013 1001-144 1-198 00005194
1/64 1001-5796 1001004 1000-575 0-569 00002463
1/128 1000-7898 1-000509 1000-281 0-294 0-0001283

Tabi.E No. 14.

RUBIDIUM NITRATE. RbN03 = 147-5.

T=19-5° C.

1/2 1073-7500 1-050634 1022002 (3-0094517)

1/4 1036-8750 1-025698 1010-897 11105 0-0047448

1/8 1018-4375 1-012973 1005-394 5-503 0-0023704

1/16 1009-2188 1-006597 1002-604 2-790 0-0012068

1/32 1004-6094 1-003355 1001-250 1-354 0-0005870

1/64 1002-3047 1-001750 1000-553 0-697 0-0003024

1/128 1001-1523 1-000920 1000-232 0-321 0-0001393

1/256 1000-5762 1-000458 1000-118 0-114 0-0000495

Table No. 15.

CESIUM NITRATE. CsN03 = 19J

T=19-5° C.

)-0.

1/4 1048-7500 1-035619 1012-679 (3-0054720)

1/8 1024-3750 1017961 1006-301 6-378 0-0027440

1/16 1012-1875 1-009041 1003-118 3-183 0-0013757

1/32 1006-0937 1-004585 1001-501 1-617 0-0007006

1/64 1003-0468 1-002247 1000-798 0-703 0-0003049

1/128 1001-5234 1-001146 1000-376 0-422 0-0001830

1/256 1000-7617 1-000604 1000-157 0-219 0-0000952

TRANS. ROY. SOC. EDIN., VOL, XLIX. PART I. (NO. 1).
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A. General Tables, giving the Facts of Observation in the columns"

under m, W, and S.

TRIAD OF CHLORATES
Table No. 16.

POTASSIUM CHLORATE.

T = 19-5° and 23-0° C

KC103=122-G.

Weight of

Solution.

Grams.

Specific

Gravity.

Displacement.

Gt.

Differences of

Displacements.

Differences of

Logarithms of

Displacements.

m. W. S. W/S = A. f?A. d log A.

1/4 1030-6500 1-019081 1011-352 (3-0049025)

1/8 1015-3250 1-009638 1005-632 5-720 0-0024631

1/16 1007-6625 1-004863 1002-785 2-847 0-0012311

1/32 1003-8312 1-002490 1001-337 1-448 0-0006276

1/64 1001-9156 1-001253 1000-661 0-676 0-0002933

1/128 1000-9578 1-000633 1000-324 0-337 0-0001463

1/256 1000-4789 1-000320 1000-158 0-166 0-0000719

1/512 1000-2394 1-000182 1000-057 0-101 0-0000440

ijie 1007-6625 1-004759 1002-889

Table No. 17.

RUBIDIUM CHLORATE. RbC103 = 169-0.

T = 19-5° and 23-0'' (\

\/4: 1042-2500 1-029153 1012-726 (3-0054919)

1/8 1021-1250 1-014679 1006-353 6-373 0-0027417

1/16 1010-5625 1-007356 1003-183 3-170 0-0013700

1/32 1005-2813 1-003691 1001-584 1-599 0-0006926

1/64 1002-6406 1-001863 1000-775 0-809 0-0003406

1/128 1001-3203 1-000919 1000-400 0-375 0-0001626

1/256 1000-6602 1-000459 1000-200 0-200 0-0000867

1/512 1000-3301 1-000218 1000-111 0-089 0-0000386

1/16 1010-6625 1-007331 1003-20J^

Table No. 18.

CESIUM CHLORATE. CsCI03 = 2 16-5.

T=19-5° and 23-0'' G.

1/4 1054-1250 1-039043 1014-515 (3-0062587)

1/8 1027-0625 1-019686 1007-233 7-282 0-0031285
1/16 1013-5312 1-009825 1003-669 3-564 0-0015394
1/32 1006-7656 1-004953 1001-804 1-865 0-0008066

1/64 1003-3828 1-002409 1000-971 0-833 0-0003624
1/128 1001-6914 1-001216 1000-476 0-495 0-0002149
1/256 1000-8457 1-000552 1000-292 0-184 0-0000795
1/512 1000-4228 1-000210 1000-212 0-080 0-0000348

1/16 1013-5312 1-009886 1003-609
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A. General Tables, giving the Facts of Observation in the columns

under on, W, and S.

TRIAD OF BROMATES.

Table No. 19.

POTASSIUM BROMATE. KBr03 = 167-1.

T=19-5° and 23'0° C.

Table No. 21.

CESIUM BROMATE

T= 19-5° and ^5-0° C

CsBr03 = 261-0.

Weight of

Solution.

Grams.

Specific

Gravity.

Displacement.

Gt.

Differences of

Displacements.

Differences of

Logarithms of

Displacements.

VI. W. S. W/S = A. f^A. d log A.

1/4 1041-7750 1-030144 1011-290 (3-0048760)

1/8 1020-8875 1-015227 1005-576 5-714 0-0024613

1/16 1010-4438 1-007662 1002-761 2-815 0-0012173

1/32 1005-2219 1-003846 1001-370 1-391 0-0006026

1/64 1002-6109 1-001921 1000-688 0-6S2 0-0002959

1/128 1001-3055 1-000958 1000-347 0-341 0-0001482

1/256 1000-6527 1-000476 1000-176 0-171 0-0000740

1/512 1000-3264 1-000237 1000-089 0-087 0-0000379

1/16 1010-
li
1,38 1-007568 1002-864

Table No. 20.

RUBIDIUM BROMATE. RbBr03 = 213-5.

T = 19-5° and S5-0°C.

1/16 1013-3438 1-010255 1003-057 (3-0013258)

1/32 1006-6719 1-005123 1001-541 1-516 0-0006571

1/64 1003-3359 1-002566 1000-767 0-774 0-0003356

1/128 1001-6680 1-001260 1000-407 0-360 0-0001563

1/256 1000-8340 1-000642 1000-191 0-216 00000935
1/512 1000-4170 1-000320 1000-096 0-095 0-0000411

1/16 lOlS-S^SS 1-010162 1003-149

1/16 1016-3125 1-012756 1003-511 (3-0015225^

1/32 1008-1562 1-006377 1001-767 1-744 0-0007554

1/64 1004-0781 1-003211 1000-864 0-903 0-U003918

1/128 1002-0390 1001617 1000-421 0-443 0-0001920

1/256 1001-0195 1-000784 1000-235 0-186 0000810
1/512 1000-5097 1000375 1000-134 0-101 00000437

1/16 1016-3126 1-012769 1003-508
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A. General Tables, giving the Facts of Observation in the columns

under m, W, and S.

TRIAD OF lODATES.

Table No. 22.

POTASSIUM lODATE. KI03 = 214-1.

T = 19-5 ° and 2S-0° C.

Weight of

Solution. Specific Displacement. Differences of
Differences of
TiOO'nnf'riTns or

Grams.
Gi'rtvity. G,. Displacements.

Displacements.

7)1. W. S. W/S = A. rfA. d log A.

1/4 1053-5250 1-044302 1008-832 (3-0038187)

1/8 1026-7625 1-022327 1004-339 4-493 0-0019383

1/16 1013-3812 1-011169 1002-189 2-150 0-0009307

1/32 1006-6906 1-005589 1001-096 1-093 0-0004739

1/64 1003-3453 1-002760 1000-584 0-512 0-0002221

1/128 1001-6726 1-001403 1000-269 0-315 0-0001365

1/256 1000-8363 1-000709 1000-127 0-142 0-0000617

1/512 1000-4181 1-000361 1000-057 0-070 0-0000304

1/16 lois-ssm 1-011U7 1002-210

Table No. 23.

EUBIDIUM lODATE. RbI03 = 260-5.

T = 19-5° and ^5-()° C.

1/16 1016-2812 1-013677 1002-576 (3-0011173)
1/32 1008-1406 1-006856 1001-276 1-300 0-0005636

1/64 1004-0703 1-003405 1000-661 0-615 0-0002669
1/128 1002-0351 1-001690 1000-344 0-317 0-0001377
1/256 1001-0175 1-000827 1000-190 0-154 0-0000669
1/512 1000-5087 1-000436 1000-072 0-118 0-0000510

1/16 1016-2812 1-013625 1002-618

Table No. 24.

CAESIUM IODATE. CsIO3 = 308 •0.

T = 19-5°and^5-0° C.

1/16 1019-2500 1-016299 1002-903 (3-0012590)

1/32 1009-6250 1-008142 1001-471 1-432 0-0006383

1/64 1004-8125 1-004023 1000-786 0-685 0-0002970
. 1/128 1002-4062 1-001948 1000-457 0-329 0-0001426

1/256 1001-2031 1-000930 1000-272 0-185 0-0000802
1/512 1000-6015 1-000449 1000-152 0-120 0-0000524

1/16 1019-2500 1-016226 1002-976
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A. General Tables, giving the Facts of Observation in the columns

under m, W, and S.

Table No 25.

POTASSIUM CHLORIDE.

T = 15-0° C.

KCl = 74-6.

Weight of

Solution.

Grams.

Specific Gravity.
Displacement.

Gx.

DifTerences of

Displacements.

Differences of

Logarithms of

Displacements.

lit.

1/2

1/4

1/8

1/16

1/32

1/64

1/128

W.
1037-3000
1018-6500
1009-3250

10046625
1002-3312

LOOl-1656
1000-5828

S.

1-023167

1-011900

1-005912

1-002972

1-001487

1-000716

1-000365

W/S =

1013
1006
1003
1001
1000

1000
1000

= A.

813
671

393
685
842
449
218

dA.

7-142

3-278

1-708

0-843

0-393

0231

d log A.

(3-0059576)
0-0030702
0-0014163
0-0007399
0-0003653
0-0001708
0-0001003

Table No. 26.

SODIUM CHLORIDE. NaCl = 58-5.

T=15-0° C.

1/2

1/4

1/8

1/16

1/32

1/64

1/128

1029-2500
1014-6250
1007-3125

1003-6562

1001-8281

lOCO-9140
1000-4570

1020564
1-010433
1-005258

1-002650
1-001322

1-000655

1000322

1008-510

1004-148
1002-043

1001-003

1000-505

1000-259

1000-135

4-362

2-105

1-040

0-498

0-246

0-124

(3-0036805)

0-0018825
0-0009114

0-0004508
0-0002162
0-0001069

00000538

1

Table No. 27.

RUBIDIUM BROMIDE. RbBr = 165-5.

T = 230° C.

1/8

1/16

1/32

1/64

1/128

1020-6875
1010-3437

1005-1718

1002-5859
1001-2929

1-015740
1-007895

1-003993

1-001968

1-000986

1004-870

1002-429
1001-174

1000-616

1000-306

2-441

1-255

0-558

0-310

(3-0021101)

0-0010563
0-0005441

0-0002420
0-0001343

Table No. 28.

C^SIUxM BROMIDE. CsBr = 213-0.

T = 23-0° C.

1/8

1/16

1/32

1/64

1/128

1026-6250

1013-3125

1006-6562
1003-.3281

1001-6640

1-020672

1010386
1-005246

1-002634

1-001332

1005-832

1002-896

1001-403

1000-692

1000-331

2-936

1-493

0-711

0-361

(3-0025257)
0-0012698
0-0006470
0-0003084
0-0001563
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A. General Tables, giving the Facts of Observation in the columns

under m, W, and S.

Table No. 29.

LITHIUM NITRATE. LiNO3 = 69 0.

T=19-5° C.

Weight of

Solution. Specific Displacement. Differences of
Differeuces of

Logarithms of

Displacements.Grams.
Gravity. G,. Displacements.

m. W. S. W/S=-A. dL. d log A.

1/2 1034-5000 1019707 1014-507 (3-0062551)

1/4 1017-2500 1-010033 1007-145 7-362 00031631
1/8 1008-6250 1-005031 1003-565 3-580 0-0015418
1/16 1004-3125 1-002548 1001-759 1-806 0-0007865

1/32 1002-1562 1-001290 1000-864 0-895 0-0003882

1/64 1001-0781 1-000654 1000-423 0-441 0-0001914

1/128 1000-5390 1-000336 1000-203 0-220 0-0000957

Table No. 30.

SODIUM NITRATE. NaNO3 = 85-0.

T = 15-0° and 19-5° C.

1/16 1005-3125 1-003453 1001-852 (3-0008039)

1/32 1002-6562 1-001715 1000-939 0-913 0-0003962

1/64 1001-3281 1-000863 1000-464 0-475 0-0002061

1/128 1000-6640 1-000431 1000-232 0-232 0-0001005

112 10J^2-5000 1-027810 1014.-292 (3-0061632)

IjJ, 1021-2600 l-OlJlp.23 1007-027 7-265 0-0031217

118 1010-6250 1-007119 1003-Jf.80 3-547 0015325
1116 1005-3126 1-003588 1001-718 1-762 0-0007635

1132 1002-6562 1-001802 1000852 0-866 0-0003752

im 1001-3281 1-000900 1000-1^7 0-425 0-0001847

Table No. 31.

POTASSIUM NITRATE. KN03 = 1()1-1.

T=15-0° C.

1/2 1050-5500 1-030874 1019-087 (3-0082113)

1/4 1025-2750 1-015700 1009-427 9-660 0-0041364

1/8 1012-6375 1007974 1004-623 4-804 0-0020717

1/16 1006-3187 1-003966 1002-343 2-280 0-0009865

1/32 1003-1593 1-001974 1001-183 1-160 00005032
1/64 1001-5796 1-000985 1000-594 0-589 00002554
1/128 1000-7898

1

1-000490 1000-299 0-295 0-0001277
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A. General Tables, giving the Facts of Observation in the columns

under m, W, and S.

Table No. 32.

RUBIDIUM NITRATE. RbN03 = 147-5.

T = 23-0°C.

Weight of

Solution.

Grams.

Specific

Gravity.

Displacement.

Gx.

Differences of

Displacements.

Differences of

Lfigaiithms of

Displacements.

m.

1/4

1/8

W.
1036-8750

1018-4375

S.

1-025590

1-013065

W/S = A.

1011-003

1005-303 5-700

d log A.

(3-0047526)
0-0024556

1/16 1009-2188 1-006584 1002-617 2-686 0-0011618

1/32 1004-6094 1-003354 1001-251 1-366 0-0005922

1/64 1002-3047 1-001731 1000-573 0-678 0-0002941

1/128 1001-1523 1-000955 1000-197 0-376 0-0001631

1/256 1000-5762 1-000404 1000-172 0-025 0-0000109

Table No. 33.

CESIUM NITRATE. CsN03 = 195-0.

T = 23-0°C.

1/8

1/16

1024-3750

1012-1875
1017943
1-009035

1006-318
1003-124 3-194

(3-0027353)
0-0013804

1/32 1006-0937 1-004536 1001-550 1-574 0-0006818
1/64 1003-0468 1-002288 1000-757 0-793 0-0003445

1/128 1001-5234 1-001186 1000-337 0-420 0-0001822

1/256 1000-7617 1-000580 1000-181 0-156 0-0000673

Table No. 34.

c5TR0NTIUM NITRATE. SiiNO^\ == 211-6.

T=15-0°C.

1/32

1/64

1006-6125
1003-3062

1-005344
1-002673

1001-261

1000-631 0-630
(3-0005477)
0-0002734

1/128 1001-6531 1-001351 1000-302 0-329 0-0001430

1/256 1000-8265 1-000666 1000-160 0-142 0-0000615

1/512 1000-4132 1-000329 1000-084 0-076 0-0000331
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A. General Tables, giving the Facts of Observation in the columns

under w, W, and S.

Table No. 35.

BARIUM NITRATE. Ba(N03)2 = 261-0.

T = 150°C.

Weight of

Solution.

Grams.

Specific

Gravity.

Displacement.

Gt.

Differences of

Displacements.

Differences of

Logarithms of

Displacements.

VI.

1/32

1/64

1/128

1/256

1/512

1/1024

W.
1008-1562
1004-0781

1002-0390
1001-0195

1000-5097
1000-2548

S.

1-006719

1-003377
1-001693

1-000836

1 000422
1-000218

W/S = A.

1001-427

1000-699

1000-345

1000-183

1000-088

1000-036

dA.

0-728

0-354

0-152

0-095

0-052

d log A.

(3-0006197)
0-0003164
0-0001535
0-0000700
0-0000416

00000224

Table No. 36.

BARIUM NITRATE. Ba(N03)2 = 261-0.

T=19-5'C.

1/16

1/32

1/64

1/128

1/256

1/512

1/1024

1016-3125
1008-1562

1004-0781
1002-0390
1001-0195
1000-5097
1000-2548

1-013302

1-006697

1-003367

1-001710

1-000856

1-000433

1-000205

1002-971

1001-449

1000-708

1000-328

1000-163

1000-076

1000-049

1-522

0-741

0-380

0-165

0087
0-027

(3-0012884)
0-0006592
0-0003216

0-0001651
0-0000716
0-0000376
0-0000115

Table No. 37.

LEAD NITRATE. Pb(N03)2 = 331-0.

T=19-5°C.

1/16

1/32

1/64

1/128

1/256

1/512

1/1024

1020-6875
1010-3437

1005-1718
1002-5859
1001-2929

1000-6464
1000-3232

1-017788

1-008947

1-004504

1-002250

1-001128

1-000577

1-000300

1002-849

1001-384
1000-664

1000-335

1000-165
1000-069

1000-023

1-465

0-720

0-329

0-170

0-096

0-046

(3-0012356)
0-0006347
0-0003124
0-0001429
0-0000739
0-0000413
0-0000203
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§ 27. B. Tables giving particulars relating to the exactness of the determinations of

the specific gravity given in Tables A, in cases where two hydrometers have

been used.

In these tables we have, under S^v ^^^ mean specific gravity derived from s^^ series .of observations made
with Hydrometer No. 21 ; under Sj-, the mean specific gravity derived from s^^ series of observations with

Hydrometer No. 17; under Sg, the mean specific gravity derived from Sg series of observations with Hydro-
meter No. 3 ; and_under S the mean of the sum, s, of these series of observations. Under r^ we have the

probable error of S calculated by the method of least squares; and under d, the maximum departure of the

mean of any individual series from S. Numbers under r^ and d represent units in the sixth decimal place.

Table No. 38.

POTASSIUM CHLORIDE. KCl = 74-6.

T = 19-5° and^5-^°C.

m. 821- ^21' Si,- Sl7- §. s. n- d.

1/2 1-022986 4 1-022969 4 1-022977 8 2-9 18

1/4 1-011674 4 1-011665 4 1-011670 8 3-0 20

1/8 1-005895 4 1-005883 4 1-005889 8 2-1 16

1/16 1-002980 3 1-002967 3 1-002973 6 3-6 18

1/32 1-001494 3 1-001485 4 1-001489 7 2-2 14

1/64 1-000756 4 1-000730 4 1-000741 8 3-1 27

1/128 1-000368 3 1-000361 3 1-000365 6 1-5 10

1/256 1-000199 4 1-000188 4 1-000193 8 2-2 14

1/512 1-000088 4 1-000076 4 1-000082 8 2-2 14

1/16 1-0029U 3 0-3 1

Table No. 39.

RUBIDIUM CHLORIDE. ;RbCl = 121-0.

T = 19-5° and ^5-6)° C.

1/2 1-043150 4 1-043138 4 1-043144 8 2-2 19

1/4 1-021875 4 1-021858 3 1-021868 7 2-7 13

1/8 1-011027 4 1-011019 4 1-011023 8 1-5 10

1/16 1-005530 4 1-005531 4 1005531 8 2-5 15

1/32 1-002776 4 1-002767 3 1-002772 7 2-4 13

1/64 1-001398 4 1-001402 3 1-001400 7 2-5 13

1/128 1-000710 4 1-000705 4 1-000707 8 1-8 12

1/256 1-000349 3 1-000350 4 1-000350 7 1-6 12

1/512 1-000163 3 1-000163 3 1-000163 6 0-6 3

1/16 1-005485 3 1-8 5

Table No. 40.

C^SIUM CHLORIDE. G
T = 19-5° and 23-0°

sGl= 168-5,

C.

1/2 1-062581 3 1-062566 4 1-062572 7 3-1 19

1/4 1-031742 4 1-031734 3 1-031739 7 1-6 7

1/8 1-015996 4 1-015991 3 1-015994 7 1-5 12

1/16 1-008044 3 1-008030 4 1-008036 7 3-2 20

1/32 1-004040 4 1-004029 3 1-004035 7 1-6 7

1/64 1-002032 4 1-002021 4 1-002027 8 2-0 14

1/128 1-001026 4 1-001024 3 1-001025 7 1-8 15

1/256 1-000517 4 1-000511 4 1-000514 8 1-6 13

1/512 1-000253 4 1-000244 3 1-000249 7 1-7 12

1/16 1-007954 S 2-0 6

TRANS. ROY. SOC. EDIN., VOL. XLIX. PART I. (NO. 1). 10
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B. Tables giving the Probable Error {vq) of the Mean Specific Gravity (S) ; and the

greatest Departure (d) of the mean of any individual series from S ; both r^

and d being expressed in units of the sixth decimal place.

Table No. 41.

POTASSIUM BROMIDE. KBr = 119-1.

T = 19-5° a.-nd 23-0° C.

m. Sgi- S21. S17. hv s. s.
»-o- d.

1/2 1-041284 4 1-041272 4 1-041278 8 2-8 17

1/4 1-020915 4 1-020890 4 1-020903 8 3-6 24

1/8 1-010.034 4 1-010521 4 1-010528 8 2-4 18

1/16 1-005288 4 1-005271 4 1-005279 8 3-8 26

1/32 1-002649 3 1002630 4 1-002638 7 2-7 13

1/64 1-001313 3 1-001301 4 1-001306 7 3-1 23

1/128 1-000650 3 1 -000654 4 1-000652 7 1-6 11

1/2.56 1-000336 4 1-000314 4 1-0003-J5 8 3-1 20

1/512 1-000163 2 1-000153 2 1-000158 4 6-6 28

1/16 1-005306 4 2-0 9

Table No. 42.*

RUBIDIUM BROMIDE. RbBr = 165-5.

T=19-5°C.

m. S3. S3. S17. Sl7- S. s. »-o-
d.

1/2 1-061235 3 1-061259 3 1-061247 6 48 26

1/4 1-031081 3 1-031080 3 1-031081 6 1-3 6

1/8 1-015674 3 1015665 4 1-015669 7 6-0 30

1/16 1-007865 3 1007870 3 1-007863 6 1-0 6

1/32 1-003941 3 1-003949 3 1-003945 6 2-7 17

1/64 1-001949 3 1-001964 3 1-001957 6 3-1 16

1/128 1-000980 2 1-000988 2 1-000984 4 3-5 15

1/256 1-000478 2 1-000446 4 1-000457 6 5-1 22

1/512 1-000227 2 1-000238 3 1-000233 5 2-3 11

1/1024 1-000090 3 1-000070 4 1-000079 7 3-9 28

Table No. 43.

QA5SIUM BROMIDE. Cs>Br= 213-0.

T = 19-5°C.

1/2 1-080943 4 1-080923 3 1-080935 7 3-5 24

1/4 1-041024 3 1-040997 3 1-041011 6 5-5 17

1/8 1-020708 3 1-020695 3 1-020702 6 2-9 14

1/16 1-010407 3 1-010411 3 1-010409 6 2-0 10

1/32 1-005203 3 1-005160 3 1-005182 6 6-8 34
1/64 1-002638 3 1-002622 2 1-('02631 5 3-3 16

1/128 1-001269 2 1-001271 4 1-001270 6 3-9 18

1/256 1 -000595 3 1-000619 ! 3 1-000607 6 3-7 28

1/512 1-000317 3 1-000296 3 1-000308 6 5-9 26

1/1024 1 000 135 3 1-000155
I

^
1-000145 6 3-3 16

In Tables Nos. 42, 43, 45, and 46 Hydrometer No. 3 has been used in place of No. 21,
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B. Tables giving the Probable Error (ro) of the Mean Specific Gravity (S) ; and the

greatest Departure (d) of the mean of any individual series from S ; both r^

and d being expressed in units of the sixth decimal place.

34
12
1/4

1/8

1/16

1/32

1/64

1/128

1/256

1/512

1/1024

Table No. 44.

POTASSIUM IODIDE. KI= 166-1.

T = 19-5°C.

821- %• Sn- «17- S. s.

1-114619 1 1-114617 2 1-114617 3

1-087124 3 1-087124 3 1-087124 6

1-058929 2 1-058929 3 1-058929 5

1-029912 1 1-029904 2 1-029906 3

1-015104 2 1-015103 3 1-015104 5

1-007593 2 1-007583 2 1-007588 4

1-003794 2 1-003786 2 1-003790 4

1-001906 2 1-001893 • 2 1-001899 4

1-000951 2 1-000949 2 1-000950 4

1-000481 2 1-000479 2 1-000480 4

1-000237 3 1-000232 3 1-000235 6

1-000132 2 1-000115 3 1-000122 5

3-0

2-8

2-2

1-3

5-3

2-7

2-2

2-8

2-6

3-2

2-0

3-5

d.

17

10

6

22
12

9

10

10

13

13

14

Table No. 45.

RUBIDIUM IODIDE. Ebl = 212-5.

T-19-5° C.

1/2

1/4

1/8

1/16

1/32

1/64

1/128

1/256

1/512

1/1024

S3. S3. Si7- s„. g. s. n-

1-078425 5 1-078416 5 1-078421 10 2-6

1-039781 3 1-039774 3 1-039778 6 4-6

1-020020 4 1-020009 4 1-020010 8 4-2

1-010058 3 1-010033 3 1-010046 6 4-2

1-005038 3 1-005032 3 1-005030 6 5-1

1-002503 2 1-002506 4 1-002505 6 4-1

1-001231 3 1-001240 4 1001237 7 4-6

1-000602 3 .1000621 3 1-000612 6 4-3

1-000272 3 1-000269 3 1-000272 6 2-5

1000149 3 1-000139 3 1-000146 6 3-4

d.

21

25
27

23
25

23

23

23

12

20

Table No. 46.

CESIUM IODIDE. Csl = 260-0.

T=19-5°C.

12
1/4

1/8

1/16

1/32

1/64

1/128

1/256

1/512

1/1024

1-097435 3 1-097420 3 1-097427 6 2-6

1-049485 3 1-049477 3 1-049480 6 4-0

1-024973 3 1-024973 4 1-024973 7 2-1

1-012527 3 1-012532 3 1-012529 6 2-2

1-06272 2 1-006307 3 1-006299 5 8-0

1-003109 3 1-003130 3 1-003120 6 3-7

1-001549 3 1-001543 3 1-001546 6 1-7

1-000733 2 1-000742 3 1-000738 5 2-8

1000281 3 1-000263 3 1-0C0272 6 3-1

1-000114 2 1-000093 4 1-000100 6 3-9

15

19

13

11

35
21

11

13

16

15
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B. Tables giving the Probable Error (rp) of the Mean Specific Gravity (S) ; and the

greatest Departure (d) of the mean of any individual series from S ; both Tq

and cl being expressed in units of the sixth decimal place.

Table No. 47.

POTASSIUM IODIDE. KI= 166-1.

T = 23-0°C.

m. Sji. Hv Sir- Sy,. S. s.
'•o-

d.

1/2 1-058643 2 1-058636 3 1-058639 5 1-8 9

14 1-029724 3 1-029705 2 1-029717 5 3-4 14

1/8 1-014981 2 1-014999 2 1-014990 4 3-6 12

1/16 1-007543 3 1-007536 2 1-007544 5 4-2 18

1/32 1-003767 2 1-003754 2 1-003761 4 2-5 8

1/64 1-001919 2 1-001918 2 1-001919 4 2-9 12

1/128 1-000958 2 1000945 4 1-000950 6 2-4 9

1/256 1-000498 2 1-000495 2 1-000497 4 3-4 14

Table No. 48.

RUBIDIUM IODIDE. Rbl = 212-5. .

T = 23-0° C.

1/8 1-020084 4 1-020055 2 1-020075 6 4-3 20

1/16 1-010091 2 1-010092 3 1-010092 5 0-8 3

1/32 1-005046 2 1-005040 3 1-005043 5 1-7 8

1/64 1-002565 3 1-002545 3 1-002555 6 3-6 17

1/128 1-001275 3 1-001279 3 1-001277 6 1-5 8

1/256 1-000670 3 1-000635 3 1-000653 6 4-5 24

Table No. 49.

•

C^SIUM IODIDE. Cs [=260-0.

T = 23-0and^6-O° C.

1/8 1-025089 2 1-025075 3 1-025081 5 4-1 15

1/16 1-012644 7 1-012628 6 1-012637 13 2-6 23

1/32 1-006332 3 1-006355 2 1-006341 5 4-2 14

1/64 1-003165 3 1-003160 2 1-003163 5 1-3 7

1/128 1-001600 2 1-001593 2 1-001596 4 1-3 4

1/256 1-000826 2 1-000804 3 1-000814 5 4-4 13

1116 1-012635 u 1-012606 S 1-012623 7 4-1 25
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B. Tables giving the Probable Error [r^ of the Mean Specific Gravity (S) ; and the

greatest Departure [d) of the mean of any individual series from S ; both r^

and d being expressed in units of the sixth decimal place,

Tablk No. 50.

POTASSIUM CHLORIDE. KCl = 74-6.

T=15-0° C.

Table No. 52.

RUBIDIUM BROMIDE. RbBr = 165-5.

T = 23-0° C.

m. S21. %• Sl7- S],. S. s. n- d.

1/2 1-023170 4 1-023164 4 1-023167 8 2-0 20

1/4 1-011899* 3* 1-011900 3 1-011900 6 M 5

1/8 1-005912 4 1-005912 3 1-005912 7 1-7 14

1/16 1-002977 4 1-002967 4 1-002972 8 1-6 14

1/32 1-001493 4 1-001480 4 1-001487 8 2-1 13

1/64 1-000723 4 1-000706 3 1-000716 7 3-0 21

1/128 1-000365 4 1-000365 4 1-000365 8 2-0 10

Table No. 51.

SODIUM CHLORIDE. NaCl= 58-5.

T = 15-0°C.

1/2 1-020576 4 1-020552 4 1-020564 8 3-9 25

1/4 1-010436 4 1-010429 3 1-010433 7 2-5 14

1/8 1-005265 3 1-005253 4 1-005258 7 2-4 19

1/16 1-002654 4 1-002645 4 1-002650 8 1-7 11

1/32 1-001331 4 1-001312 4 1-001322 8 2-6 17

1/64 1-000658 3 1-000652 4 1-000655 7 2-6 14

1/128 1-000324 4 1-000320 4 1-000322 8 0-7 6

1/8

1/16

1/32

1/64

1/128

1-015751

1-007902

1-004002

1-001977

1-000972

1-015729

1-007888

1-003983

1-001962

1-000999

1-015740

1-007895
1-003993

1-001968

1-000986

4 4-2

4 2-7

4 3-7

5 2-9

4 5-2

11

8

10

8

14

Table No. 53.

CiESIUM BROMIDE. CsBr = 213-0.

T = 23-0° C.

1/8

1/16

1/32

1/64

1/128

1-020681

1-010395

1-005238
1-002636

1-001328

1-020662

1-010376

1-005251

1-002630

1-001335

1-020672
1-010386

1-005246
1-002634

1-001332

4 3-9

4 3-7

5 3-8

5 1-9

5 1-6

14

10
16

11

8

These observations were made with Hydrometer No. 3.
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B. Tables giving the Probable Error (r'o) of the Mean Specific Gravity (S) ; and the

greatest Departure (d) of the mean of any individual series from S ; both r„

and d being expressed in units of the sixth decimal place.

Table No. 54,

LITHIUM NITRATE.

T=19-5°C.

LiNO3 = 69 0.

HI. 821- S21- Sl7- hi- S. s. ^0- d.

1/2 1-019726 2 1-019688 2 1-019707 4 7-4 20

1/4 1-010026 2 1-010039 2 1010033 4 2-5 7

1/8 1-005025 2 1-005036 3 1-005031 5 1-9 7

1/16 1-002535 2 1-002561 2 1-002548 4 5-1 13

1/32 1-001285 2 1-001294 2 1-001290 4 1-8 5

1/64 l-( '00649 2 1-000658 2 1-000654 4 1-8 5

1/128 1-000339 3 1-000332 2 1000336 5 1-6 6

Table No. 55.

SODIUM NITRATE. NaNO3 = 850.

T = 15-0° and 19-5° C.

1/16 1003455 4 1-003450 4 1-003453 8 2-1 17

1/32 1-0017-24 4 1001706 4 1-001715 8 2-7 20

1/64 1-000866 4 1-000859 3 1-000863 7 2-4 12

1/128 1-000437 4 1-000425 4 1-000431 8 2-1 19

112 1-0278IJ1. 3 1027806 4 1-027810 7 2-1 15

114 lOlJ^lSO 4 1-0U115 4 1-01^23 8 3-1 19

118 1-007122 4- 1-007117 4 1-007119 8 2-J, 15
ijie 1-003593 4 1-003583 4 1-003588 8 1-9 16

1IS2 1-001805 4 1-001798 4 1-001802 8 1-3 10

im 1-000907 3 1-000893 3 1-000900 6 2-6 15

Table No. 56.

POTASSIUM NITRATE, KNO3 = 101-l.

T=19-5°C.

1/2 1-030565 2 1-030562 2 1-030564 4 3-6 13

1/4 1015533 2 1-015533 2 1-015533 4 3-7 13

1/8 1-007880 3 1-007866 3 1-007873 6 2-5 17

1/16 1-003978 6 1-003958 6 1-003968 12 3-1 22

1/32 1002015 2 1-002010 2 1002013 4 4-7 15

1/64 1-001011 3 1000996 3 1-001004 6 2-5 11

1/128 1-000513 3 1-000503 2 1000509 5 3-9 20

Table No. 57.

STRONTIUM NITRATE. Sr(N03)2= 211-6.

T=15-0°C.

1/32 1-005349
!

3 1-005338 3 1-005344 6 2-4 15

1/64 1-002675
i

4 1-002672 4 1-002673 8 1-4 9

1/128 1-001351 4 1-001350 4 1-001351 8 1-5 8

1/2.56 1 000675 4 1-000657 4 1-000666 8 2-8 16

1/512 1-000336 4 1-000323 4 1-000329 8 2-0 12
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B. Tables giving the Probable Error (ro) of the Mean Specific Gravity (S) ; and the

greatest Departure (d) of the mean of any individual series from S ; both Vq

and d being expressed in units of the sixth decimal place.

Table No. 58.

BAEIUM NITEATE. Ba(N03)2 = 261-0.

T=15 0°C.

m. S21. *21- Sn- %• S. s.
'•o-

d.

1/32 1-006718 6 1006719 6 1-006719 12 1-0 11

1/64 1-003381 4 1-003373 4 1-003377 8 1-8 10

1/128 1001694 4 1-001692 4 1001693 8 1-8 14

1/256 1 -000844 4 1-000827 4 1-000836 8 3-1 17

1/512 1-000424 4 1000419 4 1000422 8 2-1 14

1/1024 1-000221 3 1-00U217 4 1-000218 7 1-8 13

Table No. 59.

BAEIUM NITEATE. Ba(N03)2 = 261-0.

T = 19-5°C.

1/16 1-013304 6 1-013303 7 1-013302 13 1-4 15

1/32 1-006698 4 1-006695 4 1-006697 8 2-1 17

1/64 1-003370 4 1 003364 3 1-003367 7 3-0 23

1/128 1-001717 4 1-001703 3 1-001710 7 2-3 15

1/256 1-000856 8 1-000856 8 1-000856 16 1-3 17

1/512 1-000430 3 1-000435 4 1-000433 7 2-2 19

1/1024 1-000214 7 1-000196 7 1-000205 14 2-4 23

Table No. 60.

LEAD NITRATE. Pb(N03)2 = 331-0.

T=19-5°C.

1/16 1-017791 3 1-017784 3 1-017788 6 2-8 14

1/32 1-0U8948 3 1-008946 3 1008947 6 0-2 13

1/64 1-004508 4 1-004502 3 1004504 7 2-5 14

1/128 1002262 3 1 002238 3 1-002250 6 6-4 40
1/256 1-001134 3 1001123 4 1-001128 7 1-8 11

1/512 1-000589 4 1-000564 4 1000577 8 3-8 24

1/1024 1-000305 4 1-000293 3 1-000300 7 2-1 13

Table No. 61.

POTASSIUM NITEATE. KNO3=101-l.

T = 15-0°C.
-

1/2 1-030857 2 1-030891 2 l-030«74 4 11-6 49

1/4 1-015701* 3* 1-015698 2 1-015700 5 1-5 7

1/8 1-007971* 3* 1-007977 3 1007974 6 1-7 12

1/16 1-003970 4 1003962 4 1-003966 8 16 13

1/32 1-001980 4 1-001968 4 1-001974 8 1-9 15

1/64 1-000989 4 1-000982 4 1-000985 8 1-6 12

1/128 1000494 4 1-000487 4 l-000i90 8 1-6 10

These observation.? were made with Hydrometer No. 3.
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28. C. Tables giving a Suminary of the Specific Gravities of the Solutions of

different Salts at different Temperatures.

CHLORIDES, BROMIDES, AND IODIDES.

Table No. 62.

CHLORIDES. MCI.

M = Na. K. K. Rb. Cs. K. Rb. Cs.

T = 15-0° C. 19-5° 0. 23-0° 0.

m. Specific Gravity. Specific Gravit; r. Specific Gravity.

1/2 1-020564 1-023167 1-022977 1-043144 1-062572

1/4 1-010433 1-011900 1-011670 1-021868 1-031739

1/8 1-005258 1-005912 1-005889 1-011023 1-015994

1/16 1-002650 1-002972 1-002973 1-005531 1-008036 1-002924 1-005485 1-007954

1/32 1-001322 1-001487 1-001489 1-002772 1-004035

1/64 1-000655 1-000716 1-000741 1-001400 1 -00-2027

1/128 1-000322 1-000365 1-000365 1-000707 1-001025

1/256 1-000193 1-000350 1-000514

1/512 1-000082 1-000163 1-000249

Table No. 63.

BROMIDES. MBr.

M = K. Rb. Cs. K. Rb. Cs.

T= 19-5° C. 23 -CC.

m.

1/2

14
1/8

1/16

1/32

1/64

1/128

1/256

1/512

1/1024

1-041278

1-020903

1-010528
1-005279

1-002638
1-001306

1-000652

1-000325

1-000158

Specific Gravity.

1-061247

1-031081

1-015669

1-007868
1-003945

1-001957

1-000984
1-000457

1-000233

1000079

1-080935

1-041011

1-020702

1-010409

1-005182

1-002631

1-001270

1-000607

1-000308
1-000145

1-005306

Specific Gravity.

1-015740
1-007895

1-003993

1-001968

1-000986

1-020672

1-010386

1-005246

1-002634
1-001332

Table No. 64.

IODIDES. MI.

M= K. Rb. Cs. K. Kb. Cs. Cs.

T= 19-5° C. 23-0° C. 26-0° C.

m.

1/2

14
1/8

1/16

1/32

1/64

1/128

1/256

1/512

j

1/1024

1-058929

1-029906

1-015104
1-007588

1-003790

1-001899
1-000950

1-000480
1-000235

1-000122

Specific Gravity

1-078421

1-039778

1-020010
1-010046
1-005030

1-002505

1-0U1237
1-000612

1-000272

1-000146

1-097427
1-049480

1024973
1-012529
1-006299

1-003120

1-001546
1-000738

1-000272

1-000100

1-058639

1-029717

1014990
1-007544

1-003761

1001919
1-000950

1-000497

Specific Gravity

1-020075

1-010092
1-005043
1-002555
1-001277

1-000653

1-025081

1-012637

1-006341

1-003163
1-001596

1-000814

Specific Gravity.

1-012623
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C. Tables giving a Summary of the Specific Gravities of the Solutions of

different Salts at difierent Temperatures.

Table No. 65.

NITEATES. M'NOj and M"(N03)2.

M'orM" = Na. K. Sr". Ba". Li. Na. Ba". Pb". Rb. Cs.

T= 15-0° C. 19-5° C. 23-0°C.

w. Specific Gravity. Specific Gravit)'. Specific Gravity.

1/2 1-030874 1-019707 1-027810

1/4 1-015700 1-010033 1-014123 1-025590

1/8 1-007974 1-005031 1-007119 1-013065 1-017943

1/16 1-003453 1003966 1-002548 1-003588 1-013302 1-017788 1-006584 1-009035

1/32 1-001715 1-001974 1-005344 1-006719 1-001290 1-001802 1-006697 1-008947 1-003354 1-0114536

1/64 1-000863 1-000985 1-002673 1-003377 1-000654 1-000900 1-003367 1004504 1-001731 1-002288

1/128 1-000431 1-000490 1001351 1-001693 1-000336 1-001710 1-002250 1-000955 1-001186

1/256 1-000666 1000836 1-000856 1-001128 1-000404 1-000580

1/512 1-000329 1-000422 1-000433 1-000577

1/1024 1-000218 1-000205 1-000300

Table No. 66.

TRIADS OF NITRATES, CHLORATES, BROMATES, AND lODATES. MRO3.

R0,=

1/2

1/4

1/8

1/16

1/32

1/64

1/128

1/256

1/512

1/16

NO3.

K. Rb. Cs.

19-5° C.

Specific Gravity.

1-030564

1-015533
1-007873

1-003968
1-002013
1-001004
1-000509

-050634

-025698

-012973

-006597

-003355

-001750

-000920

-000458

035619
017961
009041
004585
002247
001146
000604

CIO,.

Rb. Cs.

19-5° C. a-ndSS-O'C.

Specific Gravity.

-019081

-009638

004863
-002490

•001253

-000633

-000320

-000182

1-004759

-029153

-014679

-007356

-003691

-001863

•000919

•000459

000218

1-007331

-039043

-019686

-009825

-004953

•002409

-001216
-000552

-000210

1-009886

BrO,.

Rb. Cs.

19-5° C. and ^5-0° C.

Specific Gravity.

-030144

-015227

-007662

-003846

•001921

-000958

-000476

-000237

1-007568

-010255

005123
•002566

001260
000642
000320

1-010162

1-012756

1-006377

r003211
1-001617

1-000784

1000375

1-012759

10,

K. Rb, Cs

19-5° C. and ^5-0° C.

Specific Gravity.

•044302
-022327

-011169

-005589

-002760

001403
-000709

•000361

1-011147

-013677

-006856

-003405

-001690
-000827

-000436

1-013625

1016299
1-008142

1-004023

1001948
1-000930
1-000449

1016226

TRANS. ROY. SOC. EDIN., VOL. XLIX. PART I. (NO. 1). 11



82 MR J. Y. BUCHANAN ON THE

C. Tables giving a Summary of the Specific Gravities of the Solutions of

different Salts at different Temperatures.

POTASSIUM, RUBIDIUM, AND CESIUM SALTS.

Table No. 67.

POTASSIUM SALTS. KR and KRO,

Ror
R0,= CI. NO3. CI. Br. I. NO3. CIO3. BrOj. 10,. Gl.

1

Br.
j

1

1. CIO3. BrOj. 10,

T= 15-0° C. 19-5° 0. 23-0° C.

m. Specific Gravity. Specific Gravity. Specific Gravity.

1/2 1-023167 1-030874 1-022977 1-0412781-058929 1-030564 1-058639

1/4 1-01 1900 1-015700 1-011670 1-020903,1-029906 1-015533 1-019081 1-030144 1-044302 1-029717

1/8 1-005912 1-007974 1-005889 1-010528 1-015104 1-007873 1-009638 1-015227 1-0223-27 1-014990

1/16 1-002972 1-0039661-002973 1-005279 1-007588 1-003968 1-004863 1 -007662 1011169 1-002924 1-005306 1-007544 1-004759 1-007568 1-011147

1/32 1-001487 1-001974 1-0014891-002638 1-003790 1-002013 1-002490 1-003846 1-005589 1003761
1/64 1-000716 1-000985 1-000741 1-001306 1-001899 1-001 0041 -001 2531 -001921 1-002760 1-001919

1/128 1-000365 1-000490 1-000365 1-00065211-000950 1-000509 1-000633 1-000958 1-001403 1-000950

1/256 1-00U193 1-0003251-000480 1-0003201000476 1-000709 l-0004<t7

1/512 1-000082 1-000158)1-000235 1-000182,1-000237 1-000361
1

1/1024 1-000122

Table No. 68.

RUBIDIUM SALTS. RbR and RbRO,.

Ror
R03= CI. Br. I. NO3. CIO3. BrOj. IO3. CI. Br. 1. NO3. CIO3. Br03.

1 10,

!
1

T= 19-5° 0, 23-0° C. 1

m. Specific, Gravity. Specific Gravity. |

1/2 1-043144 1-061247 1-078421 1-050634 1

1/4 1-021868 1-031081 1-039778 1-025698 1-029153 1-025590 1

1/8 1-011023 1-015669 1-020010 1-012973 1-014679 1-015740 1-020075 1 -013065

1/16 1-005531 1-007868 1-010046 1-006597 1-007356 1-010255 1-013677 1-005485 1-007895 1-010092 1 -006584 1-007331 1-010162 I-OK'Cl'.V

1/32 1-002772 1-003945 1-005030 1-003355 1-003691 1-005123 1-006856 1-003993 1005043 1-003354

1/64 1-001400 1-001957 1-002505 1-001750 1-001863 1-002566 1-003405 1-001968 1-002555 1-001731 ,

1/128 1-000707 1-000984 1-001237 1 -000920 1-000919 1 -001260 1-001690 1-000986 1-001277 1-000955

1/256 1-000350 1-000457 1-000612 1-000458 1-000459 1-000642 1-000827 1-000653 1 -000404

1/512 1-000163 1-000233 1-000272 1-000218 1-000320 1-000436 i

1/1024 1-000079 1-000146
1

Table No. 69

CESIUM SALTS. CsR and CsEO,.

Ror
R03=

T=

1/2

1/4

1/8

1/16

1/32

1/64

1/128

1/256

1/512

1/1024

CI. Br. I. NO3. CIO3. Br03. 10..

19-5° C.

Specific Gravity.

1-062572

1-031739
1-015994

1-008036

1 -004035

1-002027

1-001025

1-000514

1-000249

•080935

-041011

-020702
•010409

-005182

-002631

-001270

-000607

-000308

•000145

-097427

-049480
-024973

-012529

-006299

-003120

-001546

-000738
•000272

•000100

0356191
0179611
0090411
0045851
002247|1
0011461
OOO6O4I1

1

039043
019686|
0098251
004953'

1

00240911

001216
000552
•000210

-012756

-006377

-003211

-001617

•000784

-000375

016299
008142
004023
001948
000930
000449

V/S1\ tuu vs tv^3-

CI. Br. I. NO3. CIO3. BrO.. IO3. I,

23-0° C. 26-0'C,

Specific Gravity.

1-007954

1-020672 1-025081 1-017943

1-010386 1-012637 1-009035

1-0052461-006341 1-004536

1 -002634 1 -003 1 63 1 -002288

10013321-0015961-001186
1-0008141-000580

1009886 1-012759

Specific

Gravity.

1-016226 1-012625,
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C. Tables giving a Summary of the Specific Gravities of the Solutions of

different Salts at different Temperatures.

Table No. 70.

The Ennbad, ME: -CHLORIDES, BROMIDES, AND IODIDES OF POTASSIUM,
RUBIDIUM, AND CAESIUM.

M= K. Rb. Cs. M= K. Rb. Cs.
1

T= 19-5° C. T= 19-5° G.

m. R. Specific Gravity. m. R Specific Gravity.

1/2 CI 1-022977 1-043144 1-062572 1/64 CI 1-000741 1-001400 1-002027

15r 1-041278 1-061247 1-080935 Br 1-001306 1-001957 1-002631

I 1-058929 1-078421 1-097427 I 1-001899 1-002505 1-003120

1/4 CI 1-011670 1-021868 1-031739 1/128 CI 1-000365 1-000707 1-001025

Br 1-020903 1-031081 1-041011 Br 1-000652 1-000984 1-001270

I 1-029906 1-039778 1-049480 I 1-000950 1-001237 1-001546

1/8 CI 1-005889 1-011023 1015994 1/256 CI 1-000193 1-000350 1-000514

Br 1-010528 1-015669 1-020702 Br 1-000325 1-000457 1-000607

I 1-015104 1-020010 1-024973 I 1-000480 1-000612 1-000738

1/16 CI 1-002973 1-005531 1-008036 1/512 CI 1-000082 1-000163 1-000249

Br 1-005279 1-007868 1-010409 Br 1-000158 1-000233 1-000308

I 1-007588 1-010046 1-012529 I 1-000235 1-000272 1-000272

1/32 CI 1-001489 1-002772 1-004035 1/1024 CI

Br 1-002638 1003945 1-005182 Br 1-000079 1-000145

I 1-003790 1-005030 1-006299 I 1-000122 1-000146 1-000100

The Ennead, MRO,
Table No. 71.

-CHLORATES, BROMATES, AND lODATES OF POTASSIUM,
RUBIDIUM, AND CiESIUM.

M = K. Rb. Cs, K. Rb. Cs.

T= 19 5° 0. 23-0° C. 1

m.

1/4

RO3.

CIO3
BrOj
IO3

-019081

-030144

-044302

Specific Gravity.

1-029153 1-039043

Specific Gravity.

1/8 CIO3

BrOg

10.,

-009638

-015227

022327

1-014679 1-019686

1/16 CIO3
Br03
IO3

-004863

007662
-011169

1-007356

1-010255

1-013677

1-009825

1-012756

1-016299

1-004759

1-007568

1-011147

1-007331

1-010162
1-013625

1-009836
1-012759
1-016226

1/32 CIO3
Br03
IO3

002490
003846
005589

1-003691

1-005123

1-006856

1-004953

1-006377

1-008142

1/64 CIO3
BrOg
IO3

001253
001921
002760

1-001863

1-002566

1-003405

1-002409

1-003211

1-004023

1/128 CIO3

BrOo
103^

000633
000958
001403

1-000919

1-001260

1-001690

1-001216

1-001617

1-001948

1/256 CIO3

BrOg

lOs

000320
000476
000709

1-000459

1-000642

1-000827

1-000552

1-000784

1-000930

1/512 CIO3
BrOj
IO3

000182
000237
000361

1-000218

1-000320

1-000436

1000210
1-000375
1-000449
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29. D. Tables giving a Summary of the Increments of Displacement, v, caused by the

Dissolution of m grm.-mol. Salt in 1000 grams Water at different Temperatures.

v = A-\ 000.

CHLOEIDES, BROMIDES, AND IODIDES.

Table No. 72.

CHLORIDES. MCI.

M = Na. K. K. Rb. Cs. K. Rb. Cs.

T= 15-0°C. 19-5° C. 23-0° 0. 1

m.

1/2

1/4

1/8

1/16

1/32

1/64

1/128

1/256

1/512

V.

8-510

4-148

2-043

1-003

0-505

0-259

0-135

13-813

6-671

3-393

1-685

0-842

0-449

0-218

14-001

6-899

3-416

1-684

0-841

0-423

0-217

0-098

0-064

16-637

8-202

4-057

2-020

1-006

0-489

0-238

0-122

0'073

20-401

10-066

4-989

2-475

1-225

0-604

0-291

0-144

0-079

V.

1-733

V.

2-066

V.

2-557

Table No. 73.

BROMIDES. MBr.

M= K. Eb. Cs. K. Rb. Cs.

T-: 19-5° C. 23-0° C.

TO,.

1/2

1/4

1/8

1/16

1/32

1/64

1/128

1/256

1/512

1/1024

17-547

8-690

4-314

2-153

1-081

0-554

0-278

0-139

0-074

20-262

9-983

4-941

2-456

1-222

0-627

0-308

0-189

0-090

0-082

23-650

11-756

5-802

2-873

1-466

0-695

0-393

0-224

0-108

0-063

V.

2-126

V.

4-870

2-429

1174
0-616

0-306

V.

5-832

2-896

1-403

0-692

0-331

Table No. 74.

IODIDES. MI.

M = K. Rb. Cs. K. Rb. Cs. Cs.

T= 19-5° C. 23-0°C. 26-0° C.

VI.

1/2

1/4

1/8

1/16

1/32

1/64

1/128

1/256

1/512

1/1024

22-778

11-281

5-574

2-772

1-395

0-695

0-347

0-168

0-089

0-040

25-805

12836
6-424

3-203

1-602

0813
0-422

0-218

0-143

0-061

V.

29-681

14-788

7-343

3-675

1-814

0-939

0-484

0-277

0-235

0-153

23-058

11-467

5-687

2-816

1-424

0-675

0-347

0-152

V.

6-360

3-157

1-589

0-763

0-382

0-176

V.

7-237

3-608

1-772

0-896

0-434

0-201

V.

3-582
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D. Tables giving a Summary of the Increments of Displacement, v, caused by the

Dissolution of m grm.-mol. Salt in 1000 grams Water at different Temperatures.

t; = A-lOOO.

Table No. 75.

NITEATES. M'NOg and M"(N03)2.

M' or

M" =

T=

m.

Na. K. Sr". Ba". Li. Na. Ba". Pb", Rb.

15-0°O. 19-5°0. 23-0°C.

V. V. V. V. V. V. v. V. V. V.

1/2 19'0S7 14-507 14-292

1/4 9-427 7-145 7-027 11-003

1/8 4-623 3-565 3-480 5-303 6-318

1/16 1-852 2-343 1-759 1-718 2-971 2-849 2-617 3-124

1/32 0-939 1-183 1-261 1-427 0-864 0-852 1-449 1-384 1-251 1-550

1/64 0-464 0-594 0-631 0-699 0-423 0-427 0-708 0-664 0-573 0-757

1/128 0232 0-299 0-302 0-345 0-203 0-328 0-335 0-197 0-337

1/256 0-160 0-183 0163 0-165 0-172 0-181

1/512 •
. 0-084 0-088 0-076 0-069

1/1024 0-036 0-049 0-023

Table No. 76.

TRIADS OF NITRATES, CHLORATES, BROMATES, AND lODATES. MRO,

R03 = NO3. CIO3. B1O3. IO3.

M = K. Rb. Cs. K. Rb. Cs. K. Rb. Cs. K. Rb. Cs.

T= 19-5° C. 19-5° C. SLudSS-O'C. 19-5" C. and;?5-0°C. 19-5° C. and ^5-0° C.

m.

1/2

1/4

1/8

1/16

1/32

1/64

1/128

1/256

1/512

1/16

19-410

9-593

4-727

2-342

1-144

0-575

0-281

22-602

10-897

5-394

2-604

1-250

0-553

0-232

0-118

I'.

12-679

6-301

3-118

1-501

0-798

0-376

0-157

V.

11-352

5-632

2-785

1-337

0-661

0-324

0-158

0-057

2-889

V.

12-726

6-353

3-183

1-584

0-775

0-400

0-200

0-111

S-204

V.

14-515

7-233

3-669

1-804

0-971

0-476

0-292

0-212

3-609

V.

11-290

5-576

2-761

1-370

0-688

0-347

0-176

0-089

2-854

V.

3-057

1-541

0-767

0-407

0-191

0-096

3-149

V.

3-511

1-767

0-864

0-421

0-235

0-134

3-508

V.

8-832

4-339

2-189

1-096

0-584

0-269

0-127

0-0.^7

2-210

V.

2-576

1-276

0-661

0-344

0-190

0-072

2-618

V.

2-903

1-471

0-786

0-457

0-272

0-152

2-976
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D. Tables giving a Summary of the Increments of Displacement, i\ caused by the

Dissolution of m grm.-mol. Salt in 1000 grams Water at different Temperatures.

t.= A-1000.

POTASSIUM, RUBIDIUM, AND CAESIUM SALTS.

Table No. 77.

POTASSIUM SALTS. Kll and KEO,

Ror
R03 =

01. NO3. 01. Br. I. NO3. CIO3.
1

BrOs. IO3. 01. Br. I. CIO3. BrOj. 10,.

T= 15-0° C. 19-5° 0. 23-0" 0. 1

m. 1'. V. V. V. V. V. V. V. V. V. V. V. V. V.

1

V.

1/2 13-813 19087 14-001 17-547 22-778 19-410 23-058

1/4 6-671 9-427 6-899 8-690 11-281 9-593 11-352 11-290 8-832 11-467
"

1/8 3-393 4-623 3-416 4-314 5-574 4-727 5-632 5-576 4-339 5-687

1/16 1-685 2-343 1-684 2-153 2-772 2-342 2-785 2-761 2-189 1-733 2126 2-816 2-889 2-854 2-210

1/32 0-842 1-183 0-841 1-081 1-395 1-144 1-337 1-370 1-096 1-424

1/64 0-449 0-594 0-423 0-554 0-695 0-575 0-661 0-688 0-584 0-676

1/128 0-218 0-299 0-217 0-278 0-347 0-281 0-324 0-347 0-269 0-347

1/256 0-098 0-139 0-168 0-158 0-176 0-127 0-152

1/512 0-064 0-074 0-089 0-057 0-089 0-057

1/1024 0-040

Table No. 78.

RUBIDIUM SALTS. RbR and RbRO,

Ror
R03 = 01. Br. I. NO3. OIO3. Br03. IO3. 01. Br. I. NO3. OIO3. BrOj. 10,.

T= 19-5° 0. 23-0° 0.

m. V. V. V. V. V. V. V. V. V. V. V. V. V. V.

1/2 16-637 20-262 25-805 22-002

1/4 8-202 9-983 12-836 10-897 12-726 11-003

1/8 4-057 4-941 6-424 5-394 6-353 4-870 6-360 5-303

1/16 2-020 2-456 3-203 2-604 3-183 3-057 2-576 2-066 2-429 3-157 2-617 3-204 3-149 2-618

1/32 1-006 1-222 1-602 1-250 1-584 1-541 1-276 1-174 1-589 1-251 1

1/64 0-489 0-627 0-813 0-553 0-775 0-767 0-661 0-616 0-763 0-573

1/128 0-238 0-308 0-422 0-232 0400 0-407 0-344 0-306 0-382 0-197

1/256 0-122 0-189 0-218 0-118 0-200 0-191 0-190 0-176 0-172

1/512 0073 0-090 0143 0-111 0-096 0072
1/1024 0-082 0-061

Table No. 79.

CESIUM SALTS. CsR and CsRO,

Ror
R03=

T =

m.

01. Br. I. NO3. CIO3. BtO,. IO3. 01. Br. I. NO3. OIO3. Br03. IO3. Csl.

19 -5° 0. 23-0° 0. 26-0° C.

V. V. V. V. V. V. V, V. V. V. V. V. V. V. V.

1/2 •20-401 23-650 29-681

1/4 10-066 11-756 14-788 12-679 14-515

1/8 4-989 5-802 7-343 6-301 7-233 5-832 7-237 6-318

1/16 2-475 2-873 3-675 3-118 3-669 3-511 2-903 2-557 2-896 3-608 3-124 3-609 3-508 2-976 3-582

1/32 1-225 1-466 1-814 1-501 1-804 1-767 1-471 1-403 1-772 1-550

1/64 0-604 0-695 0-939 0-798 0-971 0-864 0-786 0-692 0-896 0-757

1/128 0-291 0-393 0-484 0-376 0-476 0-421 0-457 0-331 0-434 0-337

1/256 0-144 0-224 0-277 0-157 0-292 0-235 0-272 0-201 0-181

1/512 0-079 0-108 0-235 0-212 0-134 0-152

1/1024 0-063 0-153
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D. Table giving a Summary of the Increments of Displacement, v, caused by the

Dissolution of m grm.-mol. Salt in 1000 grams Water at different Temperatures.

v= A -1000.

Table No. 80.

The Ennead, MR :—CHLORIDES, BROMIDES, AND IODIDES OF POTASSIUM,
RUBIDIUM, AND CESIUM.

M = K. Kb. Cs. K. Rb. Cs.

T = 19-5° C. 23-0° 0.

m.

1/2

R.

CI

Br
I

14-001

17-547

22-778

16-637

20-262

25-805

20-401

23-650

29-681

V.

23-058

V. V.

1/4 CI

Br
I

6-899

8-690

11-281

8-202

9-983

12-836

10-066

11-756

14-788 11-467

1/8 CI

Br
I

3-416

4-314

5-574

4-057

4-941

6-424

4-989

5-802

7-343 5-687

4-870

6-360

5-832

7-237

1/16 CI

Br
I

1-684

2-153

2-772

2-020

2-456

3-203

2-475

2-873

3-675

1-733

2-126

2-816

2-066

2-429

3-157

2-557

2-896

3-608

1/32 CI

Br
I

0-841

1-081

1-395

1-006

1-222

1-602

1-225

1-466

1-814 1-424

1-174

1-589

1-403

1-772

1/64 CI

Br
I

0-423

0-554

0-695

0-489

0-627

0-813

0-604

0-695

0-939 0-675

0-616

0-763

0-692

0-896

1/128 CI

Br
I

0-217

0-278

0-347

0-238

0-308

0-422

0-291

0-393

0-484 0-347

0-306

0-382

0-331

0-434

1/256 CI

Br
I

0-098

0-139

0-168

0-122

0-189

0-218

0-144

0-224

0-277 0-152 0-176 0201

1/512 CI

Br
I

0-064

0-074

0-089

0-073

0090
0-143

0-079

0-108

0-235

1/1024 CI

Br

I 0-040
0-082

0-061

0-063

0-153
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D, Table giving a Summary of the Increments of Displacement, v, caused by the

Dissolution of m grm.-mol. Salt in 1000 grams Water at different Temperatures.

1; = A- 1000.

Table No. 81.

The Ennbad, MRO3 :—CHLORATES, BROMATES, AND lODATES OF POTASSIUM,

RUBIDIUM, AND CiESIUM.

M = K. Kb. Cs. K. Rb. Cs.

T= 19-5° C. 23-0° C.

7)1.

1/4

RO3.

CIO3
BrOo

V.

11-352

11-290

8-832

12-726 14-515
V. V. V.

1/8 CIO3

BrOo

5-632

5-576

4-339

6-353 7-233

1/16 CIO3
Br03
IO3

2-785

2-761

2-189

3-183

3-057

2-576

3-669

3-511

2-903

2-889

2-854

2-210

3-204

3-149

2-618

3-609

3-508

2-976

1/32 CIO3

BrO,
103^

1-337

1-370

1-096

1-584

1-541

1-276

1-804

1-767

1-471

1/64 CIO3
Br03 •

IO3

0-661

0-688

0-584

0-775

0-767

0-661

0-971

0-864

0-786

1/128 CIO3
Br03
IO3

0-324

0-347

0-269

0-400

0-407

0-344

0-476

0-421

0-457

1/256 CIO3
Br03
IO3

0-158

0-176

0-127

0-200

0191
0-190

0-292

0-235

0-272

1/512 CIO3
BrOg
IO3

0-057

0-089

0-057

0-111

0-096

0-072

0-212

0-134

0-152
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§ 30, E. Tables giving the Values of v/m, that is, the Mean Increments of Dis-

placement (Tables D), calculated for the Dissolution of 1 grm.-mol. Salt in

1000 grams Water at diflferent Temperatures.

CHLORIDES, BROMIDES, AND IODIDES.

Table No. 82.

CHLOEIDES. MCI.

M = Na. K. K. Rb. Cs. K. Rb. Cs.

T= 15-0°C. 19-5° C. 23-0° C.

m. v/m. v/m. v/m. v/m. v/m. v/m. v/m. v/m.

1/2 17-02 27-63 28-00 33-27 40-80

14 16-59 26-68 27-59 32-80 40-26

1/8 16-34 27-14 27-26 32-45 39-91

1/16 1605 26-96 26-95 32-32 39-60 27-72 33-06 40-91

1/32 1617 26-97 26-92 32-20 39-22

1/64 16-69 28-75 27-12 31-34 38-70

1/128 17-31 27-92 27-86 30-54 37-24

1/256 25-21 31-46 36-94

1/512 32-77 37-47 40-85

Table No. 83.

BROMIDES. MBr.

Table No. 84.

IODIDES. ML

M= K. Rb. Cs. K. Rb. Cs.

T= 19-5°C. 23-0° 0.

m. v/m. v/m. v/m. v/m. v/m. v/m.

1/2 35-09 40-52 47-30

1/4 34-76 39-93 47-02

1/8 34-51 39-52 46-42 38-96 46-66

1/16 34-45 39-30 45-97 34-01 38-87 46-33

1/32 34-79 39-10 46-93 37-67 44-89

1/64 35-45 40-17 44-49 39-44 44-28

1/128 35-64 39 51 50-38 39-27 42-47

1/256 35-76 48-46 57-54

1/512 38-14 46-18 55-29

1/1024 84-48 64-51

M = K. Rb. Cs. K. Rb. Cs. Cs.

T= 19-5° C. 23-0°C. 26-0°C.

m. v/m. v/m. v/m. v/m. v/m. v/jn. v/m.
1/2 45-55 51-71 59-36 46-11

1/4 45-12 51-34 5915 45-86

1/8 44-59 51-39 58-74 45-50 50-88 57-89

1/16 44-25 51-24 58-80 45-06 50-51 57-73 57-32
1/32 44-65 51-28 58-06 45-57 50-86 56-72

1/64 44-58 52-04 60-12 43-20 48-87 57-39

1/128 44-45 54-09 6200 44-50 48-97 55-62
1/256 43-18 55-80 71-01 39-91 45-23 51-68
1/512 45-61 73-21 120-67
1/1024 41-16 62-97 157-49
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E. Tables giving the Values of vjm, that is, the Mean Increments of Displacement

(Tables D), calculated for the Dissolution of 1 grm.-mol. Salt in 1000 grams

Water at different Temperatures.

Table No. 85.

NITRATES. M'NOa or M"(N03)2.

M'or
M"= Na. K. Sr". Ba". Li. Na. Ba". Pb". Rb. Cs.

T= 15-0° C. 19-5° C. 23-0° C.

m.

1/2

1/4

1/8

1/Ifi

1/32

1/64

1/128

1/256

1/512

1/1024

vjm.

29-64

30-05

29-71

29-79

vim.

38-17

37-71

36-98

37-49

37-85

38-02

38-38

vjm.

40-37

40-42

38-66

41-08

43-05

v/vi.

45-69

44-74

44-16

47-07

45-05

37-37

v/m.

29-01

28-58

28-52

28-15

27-66

27-10

25-98

v/m.

28-58

28-11

27-84

27-48

27-28

27-34

v/m.

47-53

46-39

45-34

41-99

41-72

39-11

50-89

v/m.

45-58

44-31

42-53

41-59

42-29

35-78

23-55

vjm.

44-01

42-42

41-88

40-04

36-69

25-26

43-94

vjm.

50-54

49-98

49-62

48-43

43-13

46-51

Table No. 86.

TRIADS OF NITRATES, CHLORATES, BROMATES, AND lODATES. MRO3.

R03= NO3. CIO3. Br03. 10,.

M = K. Rb. Cs. K. Rb. Cs. K. Rb. Cs. K. Rb. Cs.

T = 19-5° C. 19-5° C. and S3-o°c. 19-5= C. and SS-Q' C. 19 -5° C. and £3-0° C.

m. v/m. v/m. v/m. v/m. v/m. v/m. v/m. v/m. v/m. v/m. v/vi. v/m.

1/2 38-82 44-00

1/4 38-37 43-59 50-71 45-40 50-90 58-06 45-16 35-33

1/8 37-81 43-15 50-41 45-06 50-82 57-86 44-61 34-71

1/16 37-48 41-67 49-89 44-57 50-93 58-71 44-17 48-91 56-69 35-02 41-22 46-45

1/32 36-62 40-05 48-04 42-80 50-69 57-73 43-86 49-31 56-56 35-16 40-85 47-07

1/64 36-80 35-41 51-09 42-34 49-61 62-17 44-07 49-10 55-32 37-37 42-33 50-32

1/128 35-96 29-73 48-21 41-53 51-26 60-95 44-42 5209 54-00 36-77 44-07 58-76

1/256 30-25 40-29 40-55 51-37 74-98 45-20 49-04 59-21 32-56 48-69 69-83

1/512 29-63 57-24 108-90 45-67 49-56 68-86 29-23 37-17 77-82

1/16 46-23 51-27 57-75 45-67 50-37 56-13 35-41 41-90 47-61
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E. Tables giving the Values of vjm, that is, the Mean Increments of Displacement

(Tables D), calculated for the Dissolution of 1 grm.-mol. Salt in 1000 grams

Water at different Temperatures.

POTASSIUM, RUBIDIUM, AND CESIUM SALTS.

Table No. 87.

POTASSIUM SALTS. KR and KROj.

Ror
R03= CI. NO3. CI. Br. I. NO3. CIO3. BrO^. IO3. CI. Br. I. CIO3. BrOa. IO3.

T= 15-0° 0. 19-5° C. 23-0° C.

m. vim. vjm. vjin. vjm. vhn. vjin. vjin. vjm. vim. vim. v/m. vim. vim. vim. vim.

1/2 27-63 38-17 28-00 35-09 45-55 38-82 46-11

1/4 26-68 37-71 27-59 34-76 45-12 38-37 45-40 45-16 35-33 45-86

1/8 27-14 36-98 27-26 34-51 44-59 37-81 45-06 44-61 34-71 45-50

1/16 26-96 37-49 26-95 34-45 44-25 37-48 44-57 44-17 35-02 21-12 34-01 45 06 46-23 45-67 35-41

1/32 26-97 37-85 26-92 34-79 44-65 36-62 42-80 43-86 35-16 45-57

1/64 28-75 38-02 27-12 35-45 44-58 36-80 42-34 44-U7 37-37 43-20

1/128 27-92 38-38 27-86 35-64 44-45 35-96 41-53 44-42 36-77 44 50
1/256 25-21 35-76 43-18 40-55 45-20 32-56 39-91

1/512 32-77 38-14 45-61 29-63 45-67 29-23

1/1024 41-16

Table No. 88.

RUBIDIUM SALTS. RbR and RbRO,

Ror
R03 = CI. Br. I. NO3. CIO3. B1O3. IO3. CI. Br. I. NO3. CIO3. BrOj. IO3.

T= 19-5° C. 23-0° C.

m. vjm. vjm. vim. vim. vjm. vjm. vjm. vjm. vim. vim,. vjm. vjm. vjm. vim.

1/2 33-27 40-52 51-71 44-00

1/4 32-80 39-93 51-34 43-59 50-90 44-01

1/8 32-45 39-52 51-39 43-15 50-82 38-96 50-88 4242
1/16 32-32 39-30 51-24 41-67 5093 48-91 41-22 33-06 38-87 50-51 41-88 51-27 50-37 41-90

1/32 32-20 39-10 51-28 4005 50-69 49-31 40-85 37-67 50-86 40-04

1/64 31-34 40-17 52 04 35-41 49-61 49-10 42-33 39-44 48-87 36-69

1/128 30-54 39-51 54-09 29-73 51-26 52-09 44-07 39-27 48-97 25-26

1/256 31-46 48-46 55-80 30-25 51-37 49-04 48-69 45-23 43-94

1/512 37-47 46-18 73-21 57-24 49-56 37-17

1/1024 84-48 62-97

Table No. 89.

CiESIUM SALTS. CsR and CsROj.

Ror
R0,=

T=

CI. Br. NO3. CIO,. BrO 10,,

19-5* C.

w/m.

40-80

40-26

39-91

39-60

39-22

38-70

37-24

36-94

40-85

vim.

47-30

47-02

46-42

45-97

46-93

44-49

50-38

57-54

55-29

64-51

vjm.

59-36

5915
58-74

58-80

58-06

60-12

62-00

71-01

120-67

157-49

vjm.

50-7]

50-41

49-89

48-04

51-09

48-21

40-29

vjm.

5806
57-86

58-71

57-73

62-17

60-95

74-98

108-90

vjm.

56-69

56-56

55-32

54-00

59-21

68-86

vjm.

46-45

47-07

50-32

58-76

69-83

77-82

CI. Br. I. NO3. CIO3. BrOj. 10.,

23-0° C.

vjm.

40-91

vjm,.

46-66

46-33

44-89

44-28

42-47

vjm.

57-

57-

56-

57-

55-

51-

-89 50-

73 49-

-72 49-

-39 48-

-62 43-

-68 46-

vjm.

-54

-98

-62

-43

•13

•51

vjm,.

57-75

vjm. vjm,.

56-13 47-61

26-0° C.

vjm.

57-32
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E. Table giving the Values of vjm, that is, the Mean Increments of Displacement

(Tables D), calculated for the Dissolution of 1 grm.-mol. Salt in 1000 grams

Water at different Temperatures.

Table No. 90.

The Ennead, MR :—CHLOEIDES, BROMIDES, AND IODIDES OF POTASSIUM,

RUBIDIUM, AND CAESIUM.

M = K. Rb. Cs. K. Kb. Cs.

T= 19-5° C. 23-0° C.

m.

1/2

R.

CI

Br
I

v/m,

28-00

35-09

45-55

vim.

33-27

40-52

51-71

v/m.

40-80

47-30

59-36

v/m.

46-11

v/vi. vjm.

1/4 CI

Br
I

27-59

34-76

45-12

32-80

39-93

51-34

40-26

47-02

59-15 45-86

1/8 CI

Br
I

27-26

34-51

44-59

32-45

39-52

51-39

39-91

46-42

58-74 45-50

38-96

50-88

46-66

57-89

1/16 CI

Br
I

26-95

34-45

44-25

32-32

39-30

51-24

39-60

45-97

58-80

27-72

34-01

45-06

33-06

38-87

50-51

40-91

46-33

57-73

1/32 CI

Br
I

26-92

34-79

44-65

32-20

39-10

51-28

39-22

46-93

58-06 45-57

37-67

50-86

44-89

56-72

1/64 CI

Br
I

27-12

35-45

44-58

31-34

40-17

52-04

38-70

44-49

60-12 43-20

39-44

48-87

44-28

57-39

1/128 01

Br
I

27-86

35-64

44-45

30-54

39-51

54-09

37-24

50-38

62-00 44-50

39-27

48-97

42-47

55-62

1/256 CI

Br
I

25-21

35-76

43-18

31-46

48-46

55-80

36-94

57-54

71-01 39-91 45-23 51-68

1/512 CI
Br
I

32-77

38-14

45-61

37-47

46-18

73-21

40-85

55-29

120-67

1/1024 CI

Br
I 41-16

84-48

62-97

64-51

157-49
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E. Table giving the Values of vjm, that is, the Mean Increments of Displacement

(Tables D), calculated for the Dissolution of 1 grm.-mol. Salt in 1000 grams

Water at different Temperatures.

Table No. 91.

The Ennead, MEO3 :—CHLORATES, BROMATES, AND lODATES OF POTASSIUM,
RUBIDIUM, AND CESIUM.

M = K. Rb. Cs. K. Eb. Cs.

T= IQ'S'C. 23-0° C.

m.

1/4

RO3.

CIO3

BrOs
IO3

vim.

45-40

45-16

35-31

vjm.

50-90
v/m.

58 06
v/m. v/m. v/m.

1/8 CIO3
BrOg
IO3

45-06

44-61

34-71

50-82 57-86

1/16 CIO3

BrO,
103^

44-57

44-17

35-02

50-93

48-91

41-22

58-71

56-69

46-45

46-23

45-67

35-41

51-27

50-37

41-90

57-75

56-13

47-61

1/32 CIO3

Br03
IO3

42-80

43-86

35-16

50-69

49-31

40-85

57-73

56-56

47-07

1/64 CIO3
Br03

IO3

42-34

44-07

37-37

49-61

49-10

42-33

62-17

55-32

50-32

1/128 CIO3
BrOg
IO3

41-53

44-42

36-77

51-26

52-09

44-07

60-95

54 00
58-76

1/256 CIO3

BrO,
40 55
45-20

32-56

51-37

49-04

48-69

74-98

59-21

69-83

1/512 CIO3
BiO,

29-63

45-67

29-23

57-24

49-56

37-17

108-90

68-86

77-82
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STEONG SOLUTIONS.

§31. A. General Tables giving, in the columns under m, W, and S, the Facts of

Observation relating to concentrated Solutions of the Salts of the Ennead

(K, Rb, Cs, CI, Br, 1), the Specific Gravity of which has been determined with

the Specific Gravity Bottle or Pyknometer.

TRIAD OF CHLORIDP]S.

Table No. 92.

POTASSIUM CHLORIDE. KCI = 74-6.

T=19-5°C.

Weijrlit of

Solution.

Grams.

Specific

Gravity.

Displacement.

G,.

Differences of

Displacements.

Differences of

Logarithms of

Displacements.

m.

1

2

3

4

W.
1074-6

1149-2

1223-8

1298-4

S.

1-0449

10853
1-1222

1-1562

W/S = A.

1028-42

1058-87

1090-52

1122-93

rfA.

30-45

31-65

32-41

d\og A.

-012672

-012791

-012719

(3-0.50352)

Table No. 93.

RUBIDIUM CHLORIDE. RbCl = 121-0

T=19-5*C.

1/2

1

2

3

4

5

6

7

7-5

10605
11210
1242-0

1363
1484-0

1605-0

1726-0

1847-0

1907 5

1-0426

1-0832

1-1592

1-2283

12936
1-3541

1-4084

1-4586

1-4833

1017-17

1034-89

1071-43

1109-66

1147-18

1185 29
1225-85

1266-28

1285-98

17-72

36-54

38-23

37-52

3811
40-56

40-43

19-70

-007503

-015066

-015228

-014442

-014190

•014613

-014092

-006704

(3-109235)
1

Table No. 94.

CESIUM CHLORIDE. CsCl = 168-5.

T=19-5°C.

1/2

1

2

3

4

5

6

7

8

9

1084-25

1168-5

13370
1505-5

1674-0

1842-5

2011-0

2179-5

2348-0

2516-5

] 0616
1-1188

1-2270

1-3245

1-4113

1-4956

1-5670

1-6374

1-7025

1-7590

1021-37

1044-39

1089-61

1136-59

1186-06

1231-88

1283-31

1331-03

1378-81

1430-59

23-02

45-22

46-98

49-47

45-82

51-43

47-72

47-78

51-78

-009679

-018408

-018333
-018502

-016462

-017763

-015856

-015316
-016010

(3-155515)
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STRONG SOLUTIONS.

A. General Tables giving the Facts of Observation in the columns under

m, W, and S.

TRIAD OF BROMIDES.

Table No. 95.

POTASSIUM BROMIDE. KBr = 119-1.

T = 19-5°C.

m.

1

2

3

4

5

Weight of

Solution.

Grams.

W.
1119-1

1238-2

1357-3

1476-4

1595-5

Specific

Gravity.

S.

1-0808

1-1545

1-2220

1-2843

1-3425

Displacement.

Gt.

W/S = A.

1035-44

1072-49

1110-71

1149-57

1188-16

Differences of

Displacements.

37 05
38 22
38-87

38-59

Differences of

Logarithms of

Displacements.

d log A.

-015273

015207
014932
-014336

(3074873)

Table No. 96.

RUBIDIUM BROMIDE. RbBr=165-5.

T = 19-5°C.

1/2

1

2

3

4

5

6

1082-75 1-

1165-5

1331-0

1496-5

1662-0

1827-5 1 •

1993-0

•0613

-1193

-2281

-3272

-4178

•5009

-5772

102021
1041-26

1083-71

1127-56

1172-23

1217-56

1263-57

21-05 •008869
42-45 -017353
43-85 -017226
44-67 -016873
45-33 -016477
46-11 -016108

(3-101599)

Table No. 97.

CESIUM BROMIDE. CsBr = 213-0.

T = 21-4"' C.

1213-0

14260
1639^0

18520
2065^0

1-1590

1-3041

1-4326

1-5548

1-6624

1046-54

1093-45

1144-02

1191-10

1242-16

46-91

50-57

47-08

51-06

-019046

-018696

-017495

-018232

(3-094181)
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STRONG SOLUTIONS.

A. General Tables giving the Facts of Observation in the columns under

m, W, and S.

tkiad of iodides.

Table No. 98.

POTASSIUM IODIDE. KI = 166-1.

T = 19^5° C.

Weight of

Solution.

Grams.

Specific

Gravity.

Displacement.

G,.

Diflferences of

Displacements.

Differences of

Logarithms of

Displacements.

m.

1

2

3

4
5

6

7

8

W.
1166-1

13322
1498-3

1664-4

1830-5

1996-6

2162-7

2328-8

S.

1-1146

1-2177

1-3128

1-3982

1-4766

1^5483

1-6141

1-6749

W/S = A.

1046-20

1094-03

1141-30

1190-39

1239-67

1289-54

1339-88

1390-54

dA.

47-83

47-27

49-09

49-28

49-87

50^34

50-53

d log A,

•019412

-018371

-018288

-017618

•017129

•016630

•016077

(3^143143)

Table No. 99.

EUBIDIUM IODIDE. Rbl = 212-5.

T = 19^5° C.

1/2

1

2

3

4

5

6

7

1106-25

1212-5

1425-0

1637-5

18500
2062-5

2275-0

2487^5

1-0771

1-1498

1-2835

1-4026

1-5102

1-6081

1-6962

1-7705

1026-99

1054-45

1110-22

1167-45

1224-93

1282-52

1341-22

1404-94

27-46

55-77

57-23

57-48

57-59

58-70

63-72

•011459

•022383

•021829

•020873

•019952

-019435

-020157

(3-147657)

Table No. 100.

CESIUM IODIDE. Csl = 260^0.

T = 23^r C,

1

2

3

S'S85

1260^0

1520-0

1780-0

1880-1

1-1847

1-3463

1-4924

1-5426

1063-55

1128 96
1192-70

1218-76

65^41

63-74

-025920

-023852

(3-076531)
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STRONG SOLUTIONS.

A. General Tables giving the Facts of Observation in the columns under

m, W, and S.

Table No. 101.

RUBIDIUM NITRATE. RbN03 = 147-5.

T = 19-5°C.

Weight of

Solution.

Grams.

Specific

Gravity.

Displacement,

G,.

Differences of

Displacements.

Differences of

Logarithms of

Displacements.

m.

1/2

1

2

3

W.
1073-75

1147-5

1295-0

1442-5

S.

1-0505

1-0982

11861
1-2655

W/S = A.

1022-13

1044-89

1091-81

1139-87

dA.

22-76

46-92

48-06

d log A.

-009564

-019077

-018705

(3-056853)

Table No. 102.

LITHIUM NITRATE. LiNO3 = 69-0.

T = 19-5° C.

1

2

3

4

5

6

7

8

9

10

1069-0

11380
1207-0

1276-0

1345-0

1414-0

14830
1552-0

1621-0

1690-0

1-0389

1-0747

M081
1-1392

1-1684

M959

r2457
1-2684

1-2906

1028-97

1058-90

1089-25

1120-08

1151-14
1182-37

1214-18

1245-88

1277-98
1309-47

29-93

30-35

30-83

30-89

31-23

31-81

31-70

32-10

31-49

-012451

-012273

-012122

-011880
•011623

•011528
•011194

•011048

•010568

(3^117095)

Table No. 103.

SODIUM NITRATE. NaNO3 = 850.

T = 19-5°C.

1

2

3

4

5

6

7

8

9

10850
1170-0

1255-0

13400
1425-0

15100
15950
1680-0

1765-0

1-0542

1-1030

1-1478

1-1887

1-2267

1-2613

1-2939

1-3253

1-3539

1029-18

1060-72

1093-36

1124-64
1161-63

1197-11

1232-63

1267-57

1303-56

31-54

32-64

31-28

36-99

35-48

35-52

34^94

35-99

013109
•013162

-012250

-014054
-013066

-012698

-012139

-012159

(3-115131)
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STRONG SOLUTIONS.

§ 32. Tables of the Classes C, D, and E, giving Summaries of their Specific Gravities

(S), their Increments of Displacement, v, and their Mean Increments of Dis-

placement per gram-molecule Salt, v/m, respectively.

R= CHLORIDES. BROMIDES. IODIDES.

M= K. Rb. Cs. K. Rb. Cs. K. Rb. Cs.

T = 19-5° C. 19-5° C. 21 -4° C. 19-5' C. 23 -rc.

Table No. 104. Table No. 105. Table No. 106.

C. Specific Gravity. C. Specific Gravity. C. Specific Gravity.

m. S. S. S. S. S. S. S. S. s.

1/2 1-0426 1-0616 1-0613 1-0771

1 1-0449 1-0832 1-1188 1-0808 1-1193 1-1590 1-1146 1-1498 1-1847

2 1-0853 1-1592 1-2270 1-1545 1-2281 1-3041 1-2177 1-2835 1-3463

3 1-1222 1-2283 1-3245 1-2220 1-3272 1-4326 1-3128 1-4026 1-4924

4 1-1562 1-2936 1-4113 1-2843 1-4178 1-5548 1-3982 1-5102

5 1-3541 1-4956 1-3425 1-5009 1-6624 1-4766 1-6081

6 1-4084 1-5670 1-5772 1-5483 1-6962

7 1-4586 1-6374 1-6141 1-7705

8 1-7025 1-6749

9 1-7590

Table No. 107. Table No. 108. Table No. 109.

D. Increment of Displacement. D. Increment of Displacement. D. Increment of Displacement.

m. V. V. V. V. V. V. V. V. V.

1/2 17-17 21-37 20-21 26-99

1 28-42 34-89 44-39 35-44 41-26 46-54 46-20 54-45 63-55

2 58-87 71-43 89-61 72-49 83-71 93-45 94-03 110-22 128-96

3 90-52 109-66 136-59 110-71 127-56 144-02 141-30 167-45 192-70

4 122-93 147-18 186-06 149-57 172-23 191-10 190-39 224-93

5 185-29 231-88 188-16 217-56 242-16 239-67 282-52

6 225-85 283-31 263-57 289-54 341-22

7 266-28 331-03 339-88 404-94

8 378-81 390-54

9 430-59

1

Table No. 110. Table No. 111. Table No. 112.

E. Mean Increment of Displac ement per E. Jlean Increment of Displacement E. Mean Increment of Displacement
gram-molecule. per gram-molecule. per gram-molecule.

m. vjm. v/m. v/m. vim. vjm,. v/m. v/m. v/m. v/m.

1/2 34-34 42-74 40-42 53-98

1 28-42 34-89 44-39 35-44 41-26 46-54 46-20 54-45 63-55

2 29-43 35-72 44-80 36-25 41-85 46-72 47-02 55-11 64-48

3 3017 36-55 45-53 36-90 42-52 48-00 47-10 55-81 64-23

4 30-73 36-79 46-51 37-39 43-05 47-77 47-59 56-23

5 3706 46-37 37-63 43-51 48-43 47-93 56-50

6 37-64 47-21 43-92 48-26 56-87

7 38-04 47-29 48-55 57-84

8 47-35 48-81

9 47-84
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STRONG SOLUTIONS.

Tables of the Classes C, D, and E, giving Summaries of their Specific Gravities (S),

their Increments of Displacement, v, and their Mean Increments of Displace-

ment per gram-molecule Salt, v/m, respectively.

POTASSIUM SALTS. KR.

R=

T=

01. Br. I.

19 -5° C.

Table No. 113.

C. Specific Gravity.

S. S.

1-0449 1-0808

1-0853 1-1545

1-1222 1-2220

1-1562 1-2843

1-3425
1

.

l-(

K

s.

[•1146

L-2177

[-3128

[-3982

[-4766

L-5483

[•6141

Table No. 116.

D. Increment of Displacement.

28-42

58-87

90-52

122-93

35-44

72-49

110-71

149-57

188-16

46-20

94-03

141-30

190-39

239-67

289-54

339-88

39054

Table No. 119.

E. Mean Increment of Displacement
per gram-molecule.

m. v/m. v/m.

1 28-42 35-44

2 29-43 36-25

3 30-17 36-90

4 30-73 37-39

5 37-63

6

7

8

v/m.

46-20

47-02

47-10

47-59

47-93

48-26

48-55

48-81

RUBIDIUM SALTS. RbR.

R=

T=

CI. Br. I.

19-5° C.

Table No. 114.

C. Specific Gravity.

VI. S. S. S.

1/2 1-0426 1-0613 1-0771

1 1-0832 1-1193 1-1498

2 1-1592 1-2281 1-2835

3 1-2283 1-3272 1-4026

4 1-2936 1-4178 1-5102

5 1-3541 1-5009 1-6081

6 1-4084 1-5772 1-6962

7 1-4586 1-7705

7-5 1-4833

Table No. 117.

D . Increment of Displac ement.

m. V. V. V.

1/2 17-17 20-21 26-99

1 34-89 41-26 54-45

2 71-43 83-71 110-22

3 109-66 127-56 167-45

4 147-18 172-23 224-93

5 185-29 217-56 282-52

6 225-85 263-57 341-22

7 266-28 404-94
7-5 285-98

Table No. 120.

E. Ilean Increment of Disp
per gram-molecule.

lacemeut

m. v/m. vjm. v/m.

1/2 34-34 40-42 53-98

1 34-89 41-26 54-45

2 35-72 41-85 55-11

3 36-55 42-52 55-81

4 36-79 43-05 56-23

5 37-06 43-51 56-50

6 37-64 43-92 56-87

7 38-04 57-84
7-5 38-13

CESIUM SALTS. CsR.

R= CI. Br. I.

T= ig-s-c. 21-4° 0. 23-1* C.

Table No. 115.

C. Specific Gravity.

m. s. S. S.

1/2 1-0616

1 1-1188 1-1590 11847
2 1-2270 1-3041 1-3463

3 1-3245 1-4326 1-4924

4 1-4113 1-5548

5 1-4956 1-6624

6 1-5670

7 1-6374

8 1-7025

9 1-7590

Table No. 118.

D Increment of Displacement.

»i. V. V. V.

1/2 21-37

1 44-39 46-54 63-55

2 89-61 93-45 128-96

3 136-59 144-02 192-70

4 186-06 191-10

5 231-88 242-16

6 283-31

7 331 03
8 378-81

9 430-59

Table No. 121.

E. IVlean Increment of Disp^

per giani -molecule.

acement

m. v/m. v/m. v/m.

1/2 42-74

1 44-39 46-54 63-55

2 44-80 46-72 64-48

3 45-53 48-00 64-23

4 46-51 47-77

5 46-37 48-43

6 47-21

7 47-29

8 47-35

9 47-84
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STRONG SOLUTIONS.

Tables of the Classes C, D, and E, giving Summaries of their Specific Gravities (S),

their Increments of Displacement, v, and their Mean Increments of Displace-

ment per gram-molecule Salt, v/m, respectively.

R= NITRATES.

M= Li. Na. Rb.

T= 19 -5° C.

Table No. 122.

1

C. Specific Gravity.

m. S. S. S.

1/2 1-0505

1 r0389 1-0542 1-0982

2 1-0747 1-1030 1-1861

3 1-1081 11478 1-2655

4 1-1392 1-1887

5 1-1684 1-2267

6 1-1959 1-2613

7 1-2214 1-2939

8 1-2457 1-3253

9 1-2684 1-3539

10 1-2906

NITRATES.

Li. Na. Rb.

19-5° C.

Table No. 123.

D. Increment of Displacement.

28-97

58-90

89-25

120-08

151-14

182-37

214-18

245-88

277-98

309-47

29-18

60-72

93-36

124-64

161-63

197-11

232-63

267-57

303-56

V.

22-13

44-89

91-81

139-87

NITRATES.

Li, Na. Rb.

19-5° C.

Table No. 124.

E. Mean Increment of Displacement

per gram-molecule.

vim.

28-97

29-45

29-75

3002
30-23

30-39

30-59

30-73

30-89

30-95

vim.

29-18

30-36

31-12

31-16

32-33

32-85

33-23

33-45

33-73

vim.

44-26

44-89

45-90

46-62

Section VI.

—

General Description of Tables.

§ 33. In the tables giving the results of the experiments made with solutions of a

particular salt, the weights given are those which would have been used if the

weighings had actually been made in a vacuum ; and the standard temperature, T,

at which all the operations have been made, is given at the top with the name of the

salt, both being constants.

Of the variables, we have under m the quantity of the salt, expressed as the number,

whole or fractional, of gram-molecules, which is dissolved in 1000 grams of water, under

W the weight in grams of the solution so produced, and under S the specific gravity

of the solution referred to that of distilled water as unity, both having the standard

temperature T.

With the exception of the determination of the temperature, the result of every

series of operations depends only on determinations of weight, and they are independent

of the work of others. Even the tyro has no difficulty in being assured of the true

weight of the hydrometer when floating up to the same mark in the solution and in

distilled water respectively. The difficulty which requires manipulative skill, laboratory

experience, and perseverance to overcome, is to satisfy the condition that the

temperatures of the solution and of the distilled water respectively, and that of the
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hydrometer when immersed in them, are identical, and are really the temperature

shown by the thermometer, and that this temperature is exactly that chosen as the

standard for the series of experiments. It requires much study and practice in a

suitable room before even an experienced chemist or physicist can feel confident that

he can produce this combination of equalities when required.

It is to the failure to perceive the necessity of this preliminary education that,

though the method has been the property of science for forty years, it has been used

practically by none except myself and those whom I have personally instructed.

§ 34. In the tables of Class A all the facts of observation are to be found. In all the

solutions the quantity of water is the same, namely, 1000 grams; the quantity of salt

dissolved in this mass of water is specified for each solution of the same salt in the

first column under m, in terms of the gram-molecule. In the second column, under W,

we have the weight in grams of each solution ; it is given by the sum 1000 + m.MR = W
;

where MR represents the molecular weight of the salt. The symbol used to express the

weight of salt dissolved in 1000 grams of water is tv, whence iv = mM^. In the third

column, under 8, we have the specific gravity of the solution. The experimental data on

which it is founded are the weight, H', in grams, of the hydrometer when it floats at

a given division of the stem in the solution, and its weight, H, when it floats at the same

division in distilled water, both of these liquids having the same temperature, T. The

quotient H'/H is the specific gravity, S, of the solution, as entered in the third column

of the tables. If we divide the weight of the solution, W, by its specific gravity, 8, we

obtain the displacement of the solution, which is entered in the fourth column under

A. It is the expression of the proportion H : H' : : A : W, in which H and A are weights

of distilled water, and H' and W are weights of the solution. It may be expressed

in words as follows :—The displacement of the solution. A, bears to its weight, W, the

same relation as the weight H of distilled water displaced by the hydrometer bears

to H', that of the solution displaced by the same portion of the same hydrometer

at the same temperature, T. Therefore, the unit of displacement used in the tables

is the space occupied by 1 gram of distilled water having the temperature T.

Generally, our measure of displacement of a body having the temperature T is the

weight of distilled water having the same temperature which the body displaces

when totally immersed in the water. The body in question may be solid, liquid, or

gaseous. The unit of displacement is then the unit of weight, gram or kilogram, of

water having the particular temperature, T, which is chosen to suit the conditions

of the experiment, and it must be the common temperature of the body and the

water. Under this convention the unit of displacement is the space occupied by, say,

1 gram water at T, whatever value T may have. Thus, in our experiments the value of

T is in some 15°, in some 19-5°, and in others 23° ; but whichever temperature is used

as that of the distilled water, it is also that of the salt or saline solution which is supposed

to displace it when its specific gravity is being determined. The use of displacement

instead of volume to specify the amount of space occupied by a body is advantageous
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only when there is a common temperature and it can be accepted as constant. In

cases where the temperature is subject to variation, the specification of displacement

must be by volume, because a weight is not affected by change of temperature.

It is convenient to have a symbol to place after a number in order to indicate

that its unit is that of displacement as specified above. It is to be used in cases

corresponding to those in which the symbol c.c. is used when we express volumes in

cubic centimetres. A suitable symbol for the unit of displacement is Gx or Gj , in

which G is the unit of weight and T or Ms the common temperature of the body

and of the water displaced by it.

In this research the unit of weight used is the gram, so that our unit of displace-

ment expresses the space occupied by 1 gram of water at the temperature T. When
the unit of weight used is the kilogram the symbol becomes K^ . In naval architecture

the displacement of a ship is always expressed in tons, that is, tons of water of ordinary

atmospheric temperature. In this research the units of displacement used are expressed

by the symbols Gja-, G19.5., and Gis-. If the adopted value of T were 4° C, then the

unit of displacement would be G40, and this is the gravimetric symbol for the standard

cubic centimetre.

In the fifth column we have the values of d^, the differences of consecutive values of

A. The entries in this column have a peculiar interest owing to the fact that the values

of m which indicate the concentration of the solutions form an ascending geometrical

series with the common ratio 2. The quantity of water, 1000 grams, is the same in all

the solutions. If we consider any two consecutive values of A, for instance, A^^g and

\ii, the increment of displacement produced by dissolving 1/8 MR in 1000 grams of

water is A^^^j— 1000, and the increment produced by dissolving a further quantity of salt

equal to 1/8 MR in the solution the displacement of which is Aj^^, is c^A = Aj,^— Aj,8.

These increments of displacement have been produced by equal quantities of the

salt, which has been dissolved in the first case in 1000 grams of distilled water, and

in the second case in (1/8 MR+ 1000) grams of the solution so produced. If the corre-

sponding values of (A,„— 1000) and [A.^^^ — A^^) be studied, they will be found to be

almost always different. Considering only the first nine tables relating to the salts

of the ennead MR, we see that the difference of these increments {A^^ — A,„) —

(A„^— 1000) is positive for values of m= 1/16 and higher. It changes sign for a value

of m lying between 1/16 and 1/32 in the case of KBr, KI, and Rbl ; for m lying

between 1/32 and 1/64 in the case of KCl, RbBr, and Csl ; for m lying between 1/64

and 1/128 in the case of CsBr ; for m lying between 1/128 and 1/256 in the case of

RbCl ; and for m lying between 1/256 and 1/512 in the case of CsCl.

The main object with which this experimental research was begun was to ascertain

if such a change of sign occurs at any concentration. It was only by using the hydro-

metric method that the question could be answered. In the sixth column we have

the values of d log A, the consecutive differences of the log-displacement. The space

in this column corresponding to the highest value of m is occupied in brackets by the
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logarithm of the corresponding highest value of A. With this, and the corresponding

values of c? log A, the log-displacement of each solution can be at once obtained.

In Class A there are thirty-seven tables ; of these, twenty-four relate to solutions

of chlorides, bromides, iodides, and nitrates of the alkalies and alkaline earths, the

specific gravities of which have been determined with two hydrometers. The values

of S given for each value of m in each of these tables is the mean of two groups

of series of nine observations each, each group being made with a different hydro-

meter. The hydrometers chiefly used were Nos. 17 and 21, and for each value of m
either three or four series of observations were made with each of these hydrometers.

The mean of each series is the mean of nine independent values of the specific gravity,

so that the final mean, S, is the mean of 72 independent observations when four

series have been made with each hydrometer, and the mean of 54 independent

observations when three series have been made with each hydrometer.

§ 35. In the tables of Class B, we have the particulars of the series of observations

made with hydrometers 21 and 17 respectively from which the final mean value of S

in the table is obtained. In the tables of this class m has the same signification

as in those of Class A ; S21 gives the mean specific gravity for the particular value

of m derived from .S21 series of observations made with hydrometer No. 21 ; S17 the

mean specific gravity similarly obtained from Sy, series made with hydrometer No. 17.

The final mean derived from s ( = s^i -t- s-^-j), the sum of these series, is found under S.

Under r^ we have the probable error of S calculated by the method of least squares,

and under d, the maximum departure of the mean of any individual series from the

mean specific gravity, S. Numbers under r^ and d are expressed in units of the sixth

decimal place.

For each table of Class A referring to specific gravities derived from observations

with two hydrometers a corresponding table of Class B has been prepared. In the

twenty-four tables of Class B there are 189 entries under S, r^, and d respectively.

Summing those under s, we find that the experimental material on which these tables

are founded consists of 1227 series, whence the mean number of series of observations

per solution is 6 '49. Each series consists of nine individual observations, and when
each of them is compared with the corresponding observation made under the same

conditions in distilled water, they give a mean per solution of 58-4 independent

observations of the ratio of the weight of a given bulk of the saline solution to the

same bulk of distilled water, both liquids being at the same temperature. The 1227

series accounted for in the twenty-four tables correspond to 11,043 independent

observations of the hydrometric displacement, from each of which the specific gravity

of the solution in which the instrument floated is deducible.

The sum of the values of r^ in the twenty-four tables is 5487, which divided by
189 gives dz2-90, in the sixth decimal place, as the mean probable error of the mean
specific gravity found for any one of' the solutions. We have seen that this depends

on a mean of 6-49 series per solution; therefore, admitting that the probable error
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varies inversely as the square root of the number of observations, the mean probable

error of the mean specific gravity derived from any number of series s is as follows :

—

s = 1 2 3 4 5 6 7 8 9

±)-„ = 7-39 5-22 4-27 3-69 3-30 3-02 2-79 2-61 2-46

Further, the probable error of the mean of one series being zb7'39, and each series

consisting of nine individual observations, the probable error of a single observation

must be 3 x 7"39 = ±22-17 in the sixth place, or ±2*22 in the fifth place.

§ 36. Following the tables of Class B we have those of Class C, which give a sum-

mary of the specific gravities of the solutions of diff"erent salts at difi'erent temperatures.

The salts included in each table have a common acid or a common base. Thus the

first table of the class contains only chlorides, the second only bromides, and so on.

These tables furnish the means of comparing the effect of concentration and of the

specific nature of the salt dissolved on the specific gravity of the solution.

§ 37. The specific gravity, S, of one of our solutions expresses the weight in kilograms

of the quantity of the solution having the composition m.MR grams of salt plus 1000

grams of water, which exactly displaces 1 kilogram of distilled water having the

temperature T. When we compare the specific gravities of the difi'erent solutions, we

are considering equal volumes of those solutions ; but the proportion between the salt

and the water present in this volume of solution is different for different solutions.

Therefore the specific gravities of the solutions alone do not offer a simple theme for

discussion.

The values of W, on the other hand, contain always the constant quantity of water

in which the different salts are dissolved in quantities proportional to their molecular

weights. It follows, therefore, that the values of (W— 1000) = w are always exactly

proportional to the molecular weights of the salts used.

If the increments of specific gravity (S— 1) were also proportional to the molecular

weight of the salt dissolved, the quotient W/S = A would be constant for all the solutions

of the different salts having the same molecular concentration. This is not found to be

the case. The increments of specific gravity do not follow the periodic law exactly,

although in the nature of things they cannot depart very far from it.

But we may consider the specific gravity of a solution from another point of view.

Let us consider a kilogram of water having the temperature T ; it fills a certain space

which we may call 1 litre (Lx). We propose to make the solution having the con-

centration 1/2 KCI4- 1000 grams of water by dissolving portions of the salt KCl in the

water, but removing so much pure water from the litre-flask as to keep the sum of the

volumes of water and salt always equal to the litre. When we have in this way

prepared our litre of (1/2 KCl -f- 1000 grams water), it weighs 1022"98 grams, and is

composed of 36*78 grams KCl and 986'20 grams of water. As we started with 1000

grams of water, we have had to remove 13*8 grams of it in order to make room for

the 36*78 grams KCl which have been dissolved. Consequently, in the construction of
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the solution we have replaced water by KCl in the proportion of 2-665 grams KCl per

gram of water.

We have carried out the calculation for the volume of a litre of initial water and

final solution. It is much simpler when we take the volume displaced by the weight

W of the solution, or A = W/S.

For the solution 1/2 KCl +1000 grams water A =1014-001 Gt. We then take

1014'00l grams of water, and we add KCl, removing at the same time pure water so as

to preserve the constant displacement 1014-001 Gtt. We may imagine that equal small

portions of KCl added take possession of the amount of water required to form with it

a solution of the concentration (1/2 KCl +1000 grams water), and that the remainder

of the water is uncontaminated. We proceed on this principle with the fractional

dissolution of the salt and removal of water so as to keep the displacement constant.

When we have removed 14001 grams of water, we find that we have dissolved

37-3 grams or 1/2 KCl in the 1000 grams of water remaining.

But the operation so described is one of substitution. Consequently it is legiti-

mate to regard solutions as products of substitution. In fact, the result of the

operation is that we have replaced 14-001 grams of water by 1/2 KCl, so that the

substitution has taken place at the rate of 28-002 grams or r555 gram-molecules

of water per gram-molecule of KCl.

If we turn to Table No. 82, the first table in Class E, we find the first entry in the

fourth column is 28-00 as the value oi v/m, or the mean increment of displacement per

gram-molecule of KCl in the solution (1/2 KC1+ 1000 grams of water) at 19-5° C.

The tables of Class D give a summary of the Increments of Displacement, v,

caused by the dissolution of m grm.-mol. of salt in 1000 grams of water at diff'erent

temperatures. Here 1; = A — 1000. The arrangement of the tables in this class

is similar to that of Class C.

The tables in Class E enable us to see at a glance the comparative volumetric

efi"ect of dissolving different quantities of diff'erent salts in 1000 grams of water.

Each entry in these tables is derived from the corresponding entry, v, in the corre-

sponding table of Class D, by increasing it in the proportion w : 1, whence we obtain

the values v/m.

§ 38. In the following table we have solutions of the eighteen salts of the

double ennead (MR, MRO3) for which m = l/16. It gives under w the weight of

1/16 gram-molecule of the salt dissolved in 1000 grams of water; under S, the specific

gravity of this solution at 19-5° C, referred to that of distilled water at the same

temperature as unity ; and under v, the increment of displacement caused by dissolv-

ing 1/1 G gram-molecule of the salt in 1000 grams of water, expressed in grams of

distilled water having the temperature 19-5° C.

The solutions are arranged in three groups, each group containing six solutions of

salts having the same metallic base (K, Rb, or Cs). These six solutions fall into two

groups of three, or triads, the first three being the salts having the general formula MR,
TRANS. ROY. SOC. EDIN., VOL. XLIX., PART I. (NO. 1). 14
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and the second triad those having the general formula MRO3. Each triad is entered

in the ascending order of the molecular weights of the salts which compose it, and each

group of three triads forms the ennead MR or MRO3 respectively.

Salt ill Solution.
Molecular

Weight of Salt.

Weight of

1/16 grm.-mol.
Salt.

to.

Specific Gravity of Solution

of 1/16 grm.-mol. Salt in

1000 grams Water.

S.

Increment of Displacement
produced by the Dis-

solution of w grams Salt

in 1000 grams Water.
V.

KCl 74-6 4-6625 1002973 1-684

KBr 119-1 7-4437 1-005279 2-153

KI 1661 10-3812 1-007588 2-772

KCIO3 122-6 7-6625 1-004863 2-785

KBrOg 167-1 10-4443 1 007662 2-761

KIO3 214-1 13-3812 1-011169 2-189

RbCl 121-0 7-5625 1-005531 2-020

RbBr 165-5 10-3437 1-007868 2-456

Rbl 212-5 13-2812 1-010046 3-203

RbClOj 169-0 10-5593 1-007354 3-183

RbBrOg 213-5 13-3412 1-010253 3-057

RblOg 260-5 16-2812 1-013673 2-576

CsCl 168-5 10-5312 1-008036 2-475

CsBr 213-0 13-3125 1-010409 2-873

Csl 260-0 16-2500 1-012529 3-675

CsClOg 216-5 13-5312 1-009825 3-669

CsBrOg 261-0 16-3125 1-012756 3-511

CSIO3 308-0 19-2500 1-016299 2-903

If we consider the increments of displacement, v, produced by the dissolution of

1/16 gram-molecule of each of these salts in 1000 grams of water, we see that, for the

salts of the same metal, the values increase from the chloride to the bromide, and from

the bromide to the iodide ; and that for the chlorates the values of v are almost identical

with those for the iodides ; they diminish from the chlorates to the bromates, and suffer

a considerable fall from the bromates to the iodates. There is also a decided fall in the

value of V from that of the iodate of potassium or rubidium to that of the chloride

of rubidium or caesium respectively.

The following diagram, illustrative of the above table, shows graphically, by the

heights of the columns, the different increments of displacement produced by the

dissolution in 1000 grams of water at 19*5° C. of 1/16 gram-molecule of each salt

of the double ennead (MR, MRO3). The columns representing the increment of

displacement produced by salts of the ennead MRO3 are shaded. It shows in a very

striking manner the regular periodic variation of values of v from ennead to ennead.

It is unfortunate that a complete series of solutions of higher concentration of all the

salts of the double ennead cannot be obtained, on account of the sparing solubility of

the oxyhalides, especially those of rubidium and caesium.
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Formulae and Molecular Weights of Salts.

Section VII.

—

The Displacement of the Solutions.

§ 39. When successive equal quantities of a salt are dissolved in a constant quantity

of water, the successive increments of displacement of the solution, so produced, are

generally unequal. They are usually the greater, the greater is the amount of salt

which has already been dissolved.

In order usefully to discuss the change produced by any physical action, it is

advisable bo compare it with that which would be produced if it acted in accordance

with some law which can be specified with precision. If the results observed agree

with those calculated in terms of the law postulated, it is good evidence that the

particular physical action takes place under the law. If no such agreement appears,

then the observed results must be compared with those calculated in terms of the

specification of some other law.
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For the purpose of discussing the changes of displacement produced in a constant

quantity of water by the dissolution of successive quantities of a salt in it, we compare

them with those which would take place under one of two hypotheses.

§ 40. First Hypothesis.— It is assumed that, when a quantity of salt, insufficient for

saturation, is dissolved in a quantity of water, it takes possession of the quantity of

water which it requires in order to produce a saturated solution, and saturates it, after

which the saturated solution disseminates itself through the remaining water, forming

a simple mixture with it.

To take a particular case :—Let the constant quantity of water be 1 kilogram,

and, when saturated with the particular salt used, let it take up 4 gram-molecules

of it. When 1 gram-molecule of the salt has been dissolved in it, let the displace-

ment of the solution so produced be r030 kilogram. We have then one-fourth of the

water saturated by the first gram-molecule of salt added, producing an increment of

displacement amounting to 30 grams. Let us now add a second gram-molecule of

salt. There are 750 grams of free water remaining, and of these the second gram-

molecule of salt takes possession of 250 grams, with which it forms a saturated

solution ; and this, with the 250 grams saturated water already present, disseminates

itself through the remaining 500 grams of free water, and forms a homogeneous mixture

of the two liquids.

If the increment of displacement produced by the dissolution of the first gram-

molecule was 30 grams, that produced by the dissolution of the second must be the

same, because it has been produced by an exact repetition of the first operation ; and

the total displacement after addition of the second gram-molecule salt must be

1"060 kilogram. Similarly, when the third gram-molecule has been dissolved, the

total displacement will be 1'090 kilogram, and, when the fourth gram-molecule

has been added, and saturation has been reached, the displacement must be

ri20 kilogram.

The numerical criterion, therefore, by which to decide if the aqueous solution

of a particular salt follows this law is that, for equal additions of salt dissolved in a

constant quantity of water, equal increments of displacement are produced.

If, by A, we represent the displacement of the solution produced by dissolving

n parts of the salt in a constant quantity of water, then the above criterion finds

expression in the equation :

— = Const.
dn

^41. Second Hypothesis.—It is assumed that, when a quantity of salt, insufficient

to produce saturation, is dissolved in a quantity of water, it exercises no selection,

but salinifies every particle of the water alike, producing a homogeneous solution of

uniform concentration, and that, when a second quantity of salt, equal to the first,

is dissolved in this solution, it intensifies its salinity uniformly and produces an

increased displacement, which bears the same proportion to that of the first solution
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as the displacement of the first solution bore to that of the original quantity of water

;

further, that when a third, equal, quantity of salt is added to the solution of the second

quantity, it intensifies its salinity uniformly and produces an increased displacement,

which bears the same relation to that of the second solution as the displacement of

the second solution bore to that of the first, and as that of the first bore to that of

the original water ; and so on.

As we may consider the equal quantities of salt successively added to the constant

quantity of water to be as small as we please, our imagined process of solution becomes

more and more nearly continuous.

If we represent by \ the displacement of the constant quantity of water, and by

r the ratio of its displacement to A^, that of the solution produced by the dissolution

of the first of a series of n equal quantities of salt, then '^= ^ and is the common ratio

of the displacement of each solution to that of the succeeding one in the series.

Then the displacement of the solution after the n*^ portion of salt has been dissolved

is expressed by the equation :

This equation expresses the fact that, when the quantities of salt dissolved in a

constant quantity of water form an arithmetical series, the displacements of the

respective solutions so produced form a geometrical series ; consequently the logarithms

of these displacements form an arithmetical series.

A convenient numerical criterion, therefore, by which to decide if the

aqueous solution of a particular salt follows this law, is furnished by the degree of

conformity of the observed displacements with those calculated on the basis of the

equation :

1M^ = Const.
dn

To take an example :—As before, let the constant quantity of water be 1

kilogram,^ which becomes saturated when 4 gram-molecules of the salt used are

dissolved in it. When the first gram-molecule has been dissolved in it, let the

displacement of the solution so produced be 1030 kilogram. As the displacement of

the water was TOGO kilogram, the effect of the first operation has been to increase

the total displacement in the proportion 1000 :
1 '030 = 1*030. When the second

gram-molecule of salt is dissolved, it, by hypothesis, increases the displacement of the

solution containing the first gram-molecule in the same proportion as the dissolution

of the first gram-molecule increased that of the water, that is, in the proportion

rOOO : 1*030 ; consequently the displacement of the solution containing the first two

gram-molecules of salt must be (1*030)1 Similarly, when the third gram-molecule

has been dissolved, the total displacement must be (1*030)^; and, when the fourth

gram-molecule has been dissolved and saturation has been produced, the displacement

must be (1*030)\
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§ 42. The following table gives the means of comparing the effect produced by-

diluting or concentrating a given solution according as it takes place in terms of the

first or the second of these hypotheses. The hypothetical salt MR has a molecular

weight 160, which is nearly the mean of those of the ennead MR. The fundamental

solution, from which all the others included in the table are derived, is that for which

m= 1/2, and it is made by dissolving 80 grams of the salt in 1 kilogram of water.

It is assumed that the dissolution of this mass of the salt in the kilogram of water at

the standard temperature T, which may be 19 "5° or any other, increases its displacement

by 20 grams, so that the displacement of the fundamental solution is r020 kilogram.

The concentration of this solution is then supposed to be altered by the addition to,

or the withdrawal from, the kilogram of water, of salt so as to produce the series of

solutions having the concentrations indicated under m in the first column of the table.

From this the weight of each solution, W, given in the second column, follows as a

matter of course.

Hypothetical Case.

Table giving the calculated Specific Gravities and Displacements of Solutions of

m.MR+ 1 kilogram of Water at T, where MR= 160 and the Displacement for

m- 1/2 is 1-020 kilogram of Distilled Water at T.

m. W. Sa.
l-000 + 0-04m

= Aa.

Log A]/2X 2m
Al. Si.. Sa-S,.

10 2 600000 1-857142 1-400000 0-1720034 1-485947 1-749725 0-107417
9 2 440000 794118 360000 0-1548030 1-428346 1-708390 85728
8 2 280000 727273 320000 0-1376027 1-372785 1-660856 56417
7 2 120000 656250 280000 0-1204023 1-319478 1-606695 49555
6 960000 580645 240000 0-1032020 1-268242 1-545447 35198
5 800000 500000 200000 0-0860017 1-218994 1-476627 23373
4 640000 413792 160000 0-0688013 1-171659 1-399724 14068
3 480000 321368 120000 00516010 1-126162 1-314197 7171
2 320000 222222 080000 0-0344006 1-082342 1-219473 2749
1 160000 115384 040000 0-0172003 1-040400 1-114955 329

1/2 080000 058823 020000 0-0086001 1-020000 1-058823 0-0

1/4 040000 029703 010000 0-0043000 1-009951 1-029753 -50
1/8 020000 014925 005000 00021500 1-004963 1-014963 -38
1/16 010000 007481 002500 00010750 1-002478 1-007503 -21
1/32 005000 003745 001250 0-0005375 1-001238 1-003757 -12
1/64 002.500 001874 000625 0-0002687 1-000619 1-001880 -6
1/128 001250 000937 000313 0-0001343 1-000309 1-000940 -3
1/256 000625 000468 000156 0-0000671 1-000155 1-000470 _ 2

1/512 1-000313 1-000234 1-000078 0-0000335 1-000077 1-000235 -1

1 2 3 4 5 6 7 8

We now apply our first hypothesis (§ 40), and by means of it we obtain the displace-

ment A^ of each of these solutions expressed in terms of the kilogram of distilled water

of the standard temperature as unit, and recorded in column 4 of the table. Their

specific gravities, the quotients obtained by dividing the weight of each solution
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(column 2) by that of the distilled water which it displaces (column 4), are entered in

column 3 of the table under Sa-

Let us now apply the second hypothesis, as specified in § 41. The fundamental

solution is that for which m = 1/2 and if = 80 grams, the displacement of which is taken

as 1-020 kilogram ; its logarithm is therefore 0-0086001.

The log-displacement of the solution for which m = 1 is then

log Aj = 2 X 0086001 = 0-0172002,

and the log-displacements entered in column 5 under A^ are obtained from the equation

logA,„ = 0-0172002xm.

The values of the displacements corresponding to these logarithms are given in

column 6 under A^. The quotient obtained by dividing the weight of the solution

(column 2) by the corresponding displacement (column 6) gives the specific gravity of

the solution, -r- = S^, the values of which are given in column 7.

Al

For the value of m= 1/2 the numbers in columns 3 and 7, and in columns 4 and 6,

are of course identical. For values of m greater than 1/2 the values of Aj^ are always

greater than those of A^, and for values of w less than 1/2 they are less ; but, as the

value of m increases the difference A^— A^ increases, so that when m = 10, A^— Aj^^ =

0-085947. When the value of m diminishes, the difference A^ — A^ diminishes also.

If we turn to the specific gravities, we see that, in the case where m= 1/32, S^ — &£ =

— 0-000012, so that, at this concentration, it is still possible to determine by observa-

tion whether the change of displacement with change of concentration has taken place

according to the terms of the first or the second hypothesis. For greater dilutions the

differences of specific gravity approach too nearly to the probable uncertainty of the

observations to make this possible.

§ 43. If we study the tables in this memoir, we shall find that in the solutions of

the majority of the salts the values of dAjdni and vjm reach a minimum for values of m
in the vicinity of 1/32, and they increase whether the concentration of the solution is

increased or diminished. At concentrations corresponding to m>2 a number of the salts

give solutions which conform nearly to the arithmetic law of the first hypothesis. The

salts which furnish solutions which conform most closely to this law are those which

contain at least one of the elements Li, Cs, or I. In the ennead MR, after the caesium

salts and the iodides come some of the rubidium salts and the bromides ; the remainder

of the bromides and nearly all the chlorides conform more nearly to the geometric law

of the second hypothesis, and some of them may be said to conform exactly to it.

§ 44. From the equation log A,„- 0-0172002 x m it follows that A„^ = (1-0404)"'.

Therefore, if the solutions of a salt follow strictly the law expressed by our second

hypothesis, the general expression for the displacement of a solution containing m.MR
in 1 kilogram of water, when the displacement for any particular value of m—for

instance, for m = 1—is Aj, is A^ = A^"*.
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When the solution does not follow this law quite exactly, let the displacement for

any particular value of m be A^ = Ai
; then the degree in which the solution conforms

to the law is indicated by the difference x —m.

In the table, the displacements given in column 6 are calculated on the basis of

the second hypothesis. For them, therefore, the relation A^ = A^™ holds good, and the

value of m (column 1) for any solution expresses not only its molecular concentration,

but also the exponent of its displacement, that of A^ being taken as unity.

The values of the displacement of the solutions in column 4 of the table are arrived

at on the basis of our first hypothesis ; consequently any value of A in this column is

given by the equation A,,^ = 1 -000 + 0"04m. But none of the solutions dealt with in this

memoir follow this law at all concentrations, though some of them approximate to it at

high concentrations. It is therefore of use, in order to augment the illustrative value

of the table, to determine the exponents of the values of A in column 4 when referred

to that of A = 1 -020 for m = 1/2 as 1/2. This has been done, and the results are entered

in the following table :

—

m. X. x-m. m.

1/2

X. l/m-1/x.

10 8-495 - 1-505 1/2 0-00

9 7-76 -1-24 1/4 1/3-98 + 0-02

8 7-00 -1-00 1/8 1/7-943 + 0-057

7 6-23 -0-77 1/16 1/15-873 + 0-127

6 5-43 -0-57 1/32 1/31-706 + 0-294

5 4-60 -0-40 1/64 1/63-412 + 0-588

4 3-75 -0-25 1/128 1/127-52 + 0-480

3 2-86 -0-14 1/256 1/254-06 + 1-940

2 1-94 -0 06 1/512 1/508-90 + 3-100

1 0-99 -0-01

1/2 0-50 000

§ 45. In the following tables the displacements of most of the solutions have been

treated along these lines. In the first four tables we have for the solutions of the salts

of the ennead MR the values of x and of x—m for the strong solutions, and those

of X and 1/m - l/x for the dilute solutions. For solutions of other salts the tables give

only the values of x —m or 1/m - l/x, as they are sufficient.

The numbers representing the values of x and m for the strong solutions are the

numerators of vulgar fractions having unity for common denominator. The numbers

representing the values of l/x and 1/m for the weak solutions are the denominators of

vulgar fractions having unity for common numerator. The measure of the departure of

the displacements of solutions of a particular salt from the geometric law of the second

hypothesis is found for the strong solutions in the column headed {x — m). For the weak

solutions the corresponding column is headed (l/m — l/x), so that the signs prefixed to

the numbers in these columns mean the same thing in both tables :—the + sign means

that x>w, the — sign that x<jn. In the strong solutions x =m when m= 1, and the

remaining values of m increase; in the weak solutions x = m when m=l/2, and the

remaining values of m diminish.
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Table I.

Values of X for the Ennead ME. {Strong Solutions.)

T= 19-5°C. T = 21-4°C. T=23-rC.

m. KCl. KBr.* KI. RbCl. * RbBr. Rbl. CsCl. CsBr. Csl.

1 1-00 1-00 1-00 1-00 1-00 100 1-00 1-00 1-00

2 2-04 2-01 1-98 2-01 1-97 1-97 1-97 1-96 1-96

3 3-09 3-01 2-92 3-03 2-96 2-92 2-94 2-95 2-86

4 413 4-00 3-86 4-00 3-93 3-82 3-92 3-84 3-76

5 4-95 4-76 4-95 4-86 4-69 4-80 4-81

6 5-63 5-93 5-78 5-53 5-74

7 6-48 6-88 6-41 6-58

8 7-30 7-39

9
i

8-24

* Compare table, p. 173.

Table II.

Values of X - m for the Ennead MR. [Strong Solutions.)

T = 19-5° 0. T = 21-4°C. T= 23-1°C.

m. KG]. KBr. KL RbCl. RbBr. RbL CsCl. CsBr. CsL

1 000 0-00 00 0-00 0-00 0-00 0-00 0-00 000
2 0-04 0-01 -0-02 0-01 -0-03 -0-03 -003 -0 04 -0-04
3 0-09 0-01 -0-08 0-03 -0-04 -0-08 -0-06 -005 -0-14
4 013 0-00 -0-14 000 -0-07 -0-18 -0-08 -0-16 -0-24
5 -0-05 -0-24 -0-05 -0-14 -0-31 -0-20 -0-19
6 -0-37 -0-07 -0-22 -0-47 -0-26
7 -0-52 -0-12 -0-59 -0-42
8 -0-70 -0-61
9 -0-76

Table HI.

Values of x for the Ennead MR.

T = 19-5°C.

1/2

1/4

18
1/16

1/32

1/64

1/128

1/256

1/512

1/1024

KCl.

1/2

1/4-04

1/8-14

1/16-54

1/33-06

1/65-60

1/127-52

1/282-24

1/434-42

KBr.

1/2
1/4-02

1/8-08

1/16-16

1/32-18

1/62-82

1/124-90

1/249-02

1/466-90

KL

1/2

1/4-00

1/8-08

1/16-26

1/32-30

1/64-82

1/129-70

1/266-98

1/505-40

1/1120-46

RbCl.

1/2
1/4-04

1/8-14

1/16-34

1/32-80

1/67-40

1/136-22

1/268-58

1/450-84

RbBr.

1/2

1/4-04

1/8-16

1/16-34

1/32-84

1/63-98

1/130-12

1/224-98

1/444-92

Rbl.

1/2

1/3-98

1/7-94

1/15-92

1/31-82

1/62-70

1/120-76

1/233-80

1/356-20

l/835'36

CsCl.

1/2

1/3-60

1/8-12

1/16-32

1/32-96

1/66-80

1/138-82

1/279-86

1/506-40

CsBr.

1/2

1/4-04

1/8-14

1/16-36

1/32-86

1/64-00

1/130-28

1/212-28

1/440-20

1/489-28

CsL

1/2

1/3-92

1/7-98

1/13-88

1/32-28

1/62-32

1/120-88

1/211-20

1/248-94

1/382-38
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Table IV.

Values of l/ni— Ifx for the Ennead MR.

T = 19-5°C.

m. KCl. KBr. KI. RbCl. RbBr. Rbl. CsCl. CsBr. Csl.

1/2 0-00 000 0-00 0-00 00 0-00 0-00 0-00 0-00

1/4 -0-04 -0-02 0-00 -004 -0-04 + 0-02 + 0-40 -0-04 + 0-08

1/8 -014 -0-08 -0-08 -0-14 -016 + 0-06 -0-12 -014 + 0-02

1/16 -0-54 -016 -0-26 -0-34 -0-34 + 0-08 -0-32 -0-36 + 2-12

1/32 -1-06 -0-18 -0-26 -0-80 -0-84 + 0-18 -0-96 -0-86 -0-28

1/64 -1-60 + 1-18 -0-82 -3-40 + 0-02 + 1-30 -2-80 0-00 + 1-68

1/128 + 0-28 + 3-10 - 1-70 -8-22 -2-12 + 7-24 10-82 -2-28 + 7-12

1/256 -26-24 + 6-98 - 10-98 -12-58 + 3102 + 22-20 -23-86 + 33-72 + 44-80

1/512 + 77-58 + 4510 + 6-60 + 5316 + 67-08 + 155-80 + 5-60 + 71-80 + 263-06

1/1024 -96-46 + 188-64 + 534-72 + 641-62

Table V.

Values of 1/m— \/xfor the Ennead MRO^.

T=19-5°C.

m. KCIO3. KBrOs. KIO3. RbClOg. RbBrOj. RblOj. CsClOg. CsBiOg. CSIO3.

1/2

1/4 0-00 0-00 0-00 0-00 000
1/8 0-00 -008 -0-12 + 0-02 + 0-04

1/16 -0-20 -0-28 -0-08 + 0-09 0-00 0-00 + 0-28 0-00 0-00

1/32 -1-76 -0-76 -0-08 + 0-05 + 0-32 -0-16 + 0-04 + 0-32 + 0-64

1/64 -4-24 -1-24 + 3-76 -1-24 + 0-48 + 0-32 + 4-64 -0-80 + 5-12

1/128 - 11-12 -1-36 -2-56 + 1-76 + 8-00 + 9-20 -2-92 -0-96 + 26-72

1/256 -28-28 + 1-72 -20-36 + 4-16 + 1-92 + 30-16 -59-16 + 17 60 + 86-08

1/512 -274-92 + 8-80 -103-20 + 70-08 + 6-72 -53-44 + 240-96 + 95-04 + 206-88

Table VI.

Values of 1/m - llxfor Solutions of the Nitrates.

M"= 1

^"• K. Sr". Ba". Li. Na. K. Rb. Cs. Ba". Pb". Rb. Cs.

T= 15-0° 0. 19-5° 0. 23 o°c.

1/2

14 -0-04 -0-04 -0-02 -0-02|

1/8 -0-06 -0-16 -0-14 -0-08 000 -0-24

1/16 -0-14 -0-38 - 0-54 -0-42 -0-72 -0-16 -0-72 -0-1(5

1/32 + 0-48 + 0-02 -1-32 -1-28 -1-60 - 2-84 -1-56 -0-80 -0 80 -0-28 -0-48

jl/64 +0-72 + 0-34 + 0-32 -1-60 -4 04 -2-44 -2-90 -14-70 + 2-88 -3-04 -4-48 -12-32 -2-56

1/128 +0-80 + 1-90 -1-44 - 28-32 - 13-94 -4-86 -59-36 -5-80 -16-64 -7-84 -93-24 -21-60
' 1/256

'

+ 4-48 + 7-68 -112-22 -64-16 - 35-20 - 19-84 + 200 - 20-96

1/512 + 23-68 -6-72 + 233-04 -317-72 - 109-12 - 139-84 - 253-76

1/1024 - 228-80 + 16156 + 69-60 -951-04 -3258-32
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Table VII.

The following Table gives Values of m and x-m for the Solutions of a nuynher of

Salts derived from Determinations of their Specific Gravity at 19"5° C. by

Kremers. {Pogg, 1855, vols. xcv. and xcvi.)

NaNOj. NaClOs. NaBrO^. LiCl. LiBr. Lil. NaCl. NaBr. Nal.

A
J
for m = 1 1029-70 1037-025 1036-51 1018-52 1028-35 1036-09 1018-25 1025-225 1036-03

in. Values of X - m.

1

2 0-U24 0021 0-027 0-056 0000 0-000 0-072 0037 -0010
3 0-066 0030 0-117 0-067 -0-032 0167 0-089 -0-035

4 0-110 0011 0-182 0-203 -0-064 0310 0-140 -0-145

5 0114 0-301 0-232 0-338 -0-129 0-458 0-186 -0140
6 0-170 0-271 0-350 - 0-265 0-611 0-216 -0-233

7 0-177 0-290 0-234 -0-365 0-234 -0-340

8 0-164 0-290 0-125 -0-585 0-243 -0-466

9 0131 0-290 0-013 -0-805 0-240 -0-635

10 0-081 0290 -0-190 -1-025 -0-803

In the tables given above we have, under the values of x, the values of log A,„/log A^,

and they show, when compared with the values of m, the degree in which the displace-

ment of the solutions follows the logarithmic law. But there is a certain disadvantage

in taking as our unit of comparison the logarithm of the displacement for m=l when

the difference between the values ofm and 1 is considerable, inasmuch as the effects due

to departures from the logarithmic law are cumulative. In the following tables we

have the values of log A,„/log A^ for a number of pairs of solutions of salts belonging

to the enneads MR and MRO3, and of certain nitrates.

Table VIII.

Values of ,
^ " for the Ennead MR.

•^ log ^J
T=]L9-5° C.

m. KCl. KBr. KL RbCl. RbBr. RbL CsCl. CsBr. Csl.

8 1-891 1-966 1-894 1-883

4 2-027 1-992 1-939 2-021 1-977 1-940 1-988 i-oio 1-981

2 2-041 2-010 1-990 2-076 1-988 1-972 1-976 1-920 1-969

1 2-015 2-002 2-006 2-155 2-020 1-991 2-054 2-040 2-107

1/2 2-022 2-010 2-008 2-020 2019 1-998 2-016 2-000 1-992

1/4 2-016 2-010 2-018 2-017 2-015 1-992 2-012 2-020 2 006
1/8 2-026 1-999 2008 2006 2-009 2-002 2-012 2-016 1-995

1/16 2-001 1-988 1-985 2-006 2-008 1-997 2-016 1-958 2-023

1/32 1-983 1-947 2-006 2-053 1-945 1-969 2-021 2-108 1-930

1/64 1-945 1-979 1-999 2-050 2-031 1-923 2067 1-765 1-938

1/128 2-202 1-973 2-053 1-937 1-628 1-936 1-994 1-748 1-744

1/256 1-530 1-842 1-882 1-670 2-089 1-521 1-778 2-074 1-176

1/512 2-184 1-091 2-303 1-704 1-529
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Table IX.

Values of^^^-^ for the Ennead MRO.,.
^ log ^J

T = 19-5° C.

m. KCIO3. KBiOs. KIO3. RbOlOg. RbBiOj. RblOj. CSCIO3. CsBrOg. CSIO3.

1/4 2-010 2-019 2-031 1-997 1-999

1/8 2-019 2-017 1-980 1-993 1-968

1/16 2-081 2-013 1-996 2-007 1-983 2-018 2-029 1-985 2028
1/32 2-021 1-990 1-875 1-982 2-008 1-931 1-859 2 044 1-918

1/64 2-037 1-983 2-165 1-882 1-884 1-924 2-039 2-047 1-788

1/128 2-039 1-965 1-112 1-887 2-122 1-814 1-624 1-792 1-795

1/256 2-746 1-977 1-211 1-653 1-974 2-635 1-376 1-746 2-080

1/512

Table X.

Values of ,
^ ^"^ for some Nitrates.

^ log ^J

m. Li. Na. K. Rb. Cs. Ba". Pb". Rb. Cs.

T= 19-6° 0. 23-0° C.

8

4

2

1

1/2

1/4

1/8

1/16

1/32

1/64

1/128

1/256

1/512

1-939

1-982

2-003

1-984

2-023

1-995

2-030

2034
2-040

2-083

2-019

1-993

2-049

2027
2-026

2-016

2-020

2-013

1-995

2-014

2-025

2-015

2-046

1-983

2-050

2-000

2 006
2-008

2-015

2-068

2-082

2-258

2-379

1-961

2-006

2-917

2-075

1-880

2-117

2-388

2-048

2-046

2-159

2-010

2-129

1-528

2-056

2-086

1-981

2-031

2-359

3-010

2069
2-019

2-091

2-182

2-901

1-146

2-019

2-013

2-048

2-245

1-851

Section VIII.

—

^Comments on the Changes in the Values of dA — v for Different

Values of m in the Case of Solutions op Individual Salts of the Type

MR AND MRO3.

§ 46. The earlier introductory notes and discussion of the values of the specific

gravity and displacement explain the precise meaning of these terms. A comparison of

the values of the increment of displacement (v) caused by the dissolution of m gram-

molecules of a salt in 1000 grams of water with the difference (dA) of these consecutive

increments of displacement possesses considerable interest.

The increment of displacement (v) due to the dissolution of m gram-molecules of a
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salt in 1000 grams of water may be looked on as being the result of two operations,

namely : (a) the dissolution of — gram-molecules of the salt in 1000 grams of water,

which produces the first increment of displacement ; and (b) the further dissolution of

-- o'ram-molecules of the salt in the solution formed, which produces the second incre-

ment of displacement. These increments of displacement are very seldom found to be

alike ; the second portion of salt dissolved generally produces a greater increment of dis-

placement than the first. In the case of solutions of such concentration that their specific

gravity can be ascertained by the use of the pyknometer without too great probability of

error, this feature is found to be general, and has often been held to be universal. One

of the principal motives f07- making this research ivas to find out, by the use of the

more refined hydrometric method, if there is any point in the dilution of a saline

solution at which further dilution is accompanied by expansion, in place of contraction.

The general result of the work is to shoiv that in solutions having the concentrations

here used, ivhere ?w<l/16, cases of expansion 07i dilution are not uncommon.

The following table gives the values of m for which the value of (c^A — n) is

positive and becomes negative for the next lower value of ni. That is, the value

(^dA — v) changes sign at some concentration lower than that indicated by m and

higher than that indicated by l/2m.

T=19-5''C. MR KCl RbCl CsCl KBr RbBr CsBr KI Rbl Csl
m 1/32 1/128 1/256 1/16 1/32 1/64 1/16 1/16 1/32

MROg
m

KCIO3
1/512.

RbClOj
1/64

CsClOg
1/32

KBrOg
1/32

RbBr03
1/64

CsBiOj
1/128

KIO3
1/16

Rbl03
1/32

CSIO3

1/16

MNO3
m

LiNO,
1/2

NaNOg
1/32

KNO3
1/32

RbNOg
1/128

CsNOg
1/32

Ba(N03)2
1/512

Pb(N03)2

1/64

T = 23-0°C. MR RbBr CsBr KI Rbl Csl
m 1/32 1/8 1/16 1/16 1/32

MEO3 RbNOj CSXO3
ni 1/128 1/128 '

T=15-0°C. MR
m

MNO3
m

KCl
1/32

NaNOg
1/16

NaCl
1/16

KNO3
1/16

Sr(N03)2

1/128

Ba(N03)2
1/128

§ 47. If we consider Table No. I, Class A, § 26, in which are recorded the results

of experiment on solutions of chloride of potassium having the concentrations specified

by the general expression mKCl-t- 1000 grams of water, we have, besides the weight of

the solution and its specific gravity, columns containing its displacement, A, and the
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difference, ct?A, between consecutive increasing values of A. If we consider the pair of

solutions for which m = 1/8 and 1/16, we find that the dissolution of the quantity 1/1 6 KCl

in 1000 grams of water produces an increment of displacement v= 1*684 Grig.jo. When

we dissolve a further 1/16 KCl in the solution, the displacement is increased by

dA^ 1-732 Gin-s-. The difference 1732 - 1 "684 = 0-048 is quite genuine. If we now

consider the pair of solutions for which m= 1/256 and 1/512, we have the displacements

A = 1000-098 and 1000'064 respectively. Here the dissolution of the first 1/512 KCl

causes an increment of displacement of 'y = 0064 Gi9-5=, while the dissolution of the

second 1/512 increases the displacement by only 0-034 G19.5 , showing that contraction has

taken place when the concentration of the solution has been increased from 1/512 to 2/512

gram-molecule per 1000 grams of water. From this it follows necessarily that the dilution

of 1/256 KCl + 1000 grams of water to 1/512 KC1+ 1000 grams of water is accompanied

by expansion. The specimen table for KCl in § 50 is constructed so as to show the

character of the change of displacement of a solution with change of its concentration.

The first line (n) gives the ordinal number of each column ; in the second line (m) we

have the quantity of salt, expressed in terms of the gram-molecule, dissolved in 1000

grams of water ; and in the third line (v) we have the increment of displacement in

terms of grams of water at the temperature of observation, G^. Then follow three

sub-tables [a, b, c). In sub-table a consecutive values of m, A, etc., are considered;

in sub -table b alternate values of 771, A, etc., are considered; and in sub-table c values

are given which represent the mean of those given in a and b. The last line in each

sub-table contains the values of the differences c?A — v, dA' — v', and dA" — v" , arrived

at in sub-tables a, b, and c respectively.

§ 48. Before entering upon a detailed examination of the tables giving values of cZA

and V and their differences dA — v, we will consider the influence of change in specific

gravity on the value of the displacement, from which it will be possible to ascertain

how far the differences dA — v are to be accepted as independent of experimental error.

For this purpose we will consider the effect of change of specific gravity on the

least concentrated solution of the salt KCl, the value of m being 1/512, and the

molecular weight of the salt being 74-6.

The mean specific gravity is given in the table as 1*000082 ; the weight of soiutioi]

composed of 1000 grams of water and 1/512 gram-molecule KCl is 1000-1457 grams ; the

displacement is therefore 1000*064. The difference of displacement between the 1/256

and 1/512 gram-molecule solution is 0-034.

We have seen (§ 35) that the mean probable error of the specific gravity of

any of the solutions entered in the tables. Class A, is ±3 in the sixth decimal place ; and

this is independent of the concentration of the solution. When the values of the

displacement are obtained by the use of any of these specific gravities, the probable

error is only increased by that due to the preparation of the solution, which may be

neglected (see § 49). The values of displacement so arrived at are affected by a

probable error which is also independent of the concentration.
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When, however, we consider the values of v, ( = A-1000), or those of cIA, the

probable error has a close relation to the concentration. Thus, when the value for A is

1000-064, this effect of an error of ±3 in the third decimal place, which corresponds

to the sixth place of decimals in the value of the specific gravity, is insensible
;
but

when we consider the value of v = 0-064, a diiference of ±0-003 gives the values 0-061

and 0-067 as possible values, and this is equivalent to an uncertainty in the value of v

. having a range of 0-006, which is 94 per cent, of 0-064, the mean value of v.

If we consider a solution of greater concentration, e.g. that of 1/128 KCl in 1000 grams

of water, the value of v is 0-217, which, when affected by a probable error of ±0-003,

gives a possible range of uncertainty of 0-006, and this is only 2-75 per cent, of the

mean value oft', which is 0-217.

We have considered the case of KCl, which has a low molecular weight, and its

solutions have a comparatively low specific gravity. Salts of higher molecular weight,

such as KI or the salts of rubidium and caesium, form solutions which have higher

specific gravities for an equivalent concentration. In these cases the range of un-

certainty of the values of v and d^ is relatively less considerable than that in the

case of KCl.

§ 49. The following table furnishes evidence of the possible uncertainty of the

value of the displacement of a solution which is due to the accumulation of the errors

affecting the preparation of the solution and those affecting the determination of its

specific gravity when practised by different experimenters.

POTASSIUM CHLORIDE. KCl=74-6.

T = 19-5°C.

m.
Weight of

Solution.

Specific Gravity obtained by Corresponding Displacement.

D. B. D. B.

1/8

1/16

1/32

1/64

1/128

1/256

1/512

1009-325

1004-662

1002-331

1001-166

1000-582

1000-291

1000-146

1-005889

1-002973

1-001489

1-000741

1-000365

1-000193

1-000082

1-005911

1-002972
1-001473

1-000740

1-000376

1-000195

1-000073

1003-416

1001-684
1000-841

1000-423

1000-217

1000-098

1000-064

1003-394
1001-685
1000-857
1000-424

1000-206

1000-096

1000-073

The numbers in the columns headed D are abstracted from Table No. ] , Class A.

The experiments were made by Mr H. Royal-Dawson in May 1904, using hydrometers

Nos. 17 and 21. The scheme for the preparation of the various concentrations of the

solutions in this series was that of diluting a known quantity of the stronger solution

with the quantity of water necessary to produce the solution whose strength was one-

half that of the solution from which it was made ; thus providing a series of solutions

whose strengths diminish in a geometric succession.
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The numbers in the columns headed B are abstracted from a series of experi-

ments made by Mr S. M. Bosworth in March 1911, using hydrometers Nos. 17 and 3.

The series from which these values have been extracted was an arithmetical one with

the common difference 1/64 gram-molecule, with the exception of the last three, which

formed a geometric series. The method of preparation of these solutions was as

follows :

—

The first solution was made by dissolving 1/64 gram-molecule KCl in 1000 grams of

water. From this the 2/64 gram-molecule solution was obtained by the addition of 1/64

gram-molecule KCl to the quantity of the i/64 gram-molecule solution containing

1000 grams of water.

Thus in each case the more concentrated solution was prepared from the more dilute

by the addition of the requisite quantity of salt, while in Mr Royal-Dawson's practice

the more dilute solution was prepared from the more concentrated by the addition of

the requisite quantity of water.

Mr Royal-Dawson's results obtained with solutions of chloride of potassium, quoted

in the table, were among the first which were accepted as final and admitted into this

memoir. Before May 1904 Mr Royal-Dawson's work consisted in learning the art of

the exact use of the hydrometer and in assisting me in the elaboration of the plan

of making and recording the experiments, which has since been adhered to. Mr

Bosworth's results were obtained after he had perfected himself in the use of the

instrument and after the system had been in continuous operation for seven years.

When it is further taken into account that the two experimenters prepared their

solutions in almost opposite ways, it will be admitted that the juxtaposition of the two

sets of experiments subjects the method to a very stringent test, and that their agree-

ment affords the best evidence of the trustworthiness of the experimental method used

in this research.
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§ 50. Specimen Table indicating the Stages in the Calculations used in the Discussion

of the Values of v and c?A in the Case of Solutions of Different CoU'

centrations of KCl.

n 9 8 7 6 5 4 3 2

m 1/4 1/8 1/16 1/32 1/64 1/128 1/256 1/512

V 6-899 3-416 1-684 0-841 0-423 0-217 0-098 0064
1/1024

Sub-table a.

A -1000 = ^;

dA -V

7-102

6-899

+ 0-203

3-483

3-416

+ 0-067

1-732

1-684

+ 0048

0843
0-841

+ 0-002

0-418

0-423

-0005

0-206

0-217

-0011

0-119

0-098

+ 0-021

0-034

0-064
- 0-030

Sub-table b.

'/„+i - v'„ = dA'

dA' -v'

10-585 5-215 2-575 1-261 0-624 0-325 0153
3-528 1-738 0-858 0-420 0-208 0-108 0-051

3-522 1-723 0-856 0-418 0-219 0091 0-051

6-944 3-422 1-699 0-843 0-425 0-206 0-115 0-064

+ 0-100 + 0-024 + 0-013 -0-007 + 0-013 -0-024 -0-013

Sub-table c.

v"„+i-v"„ = dA"
v +v „

2
""^

dA" -v"

7-080 3-502 1-728 0-849 0-416 0-213 0-105 0-042

6-921 3-419 1-691 0-842 0-424 0-211 0-106 0-064

+ 0-159 + 0-083 + 0-037 + 0-007 -0-008 + 0-002 -0-001 -0-022

Note.—The numbers in line w designate the columns of the table ; m is the concentra-

tion of the solution expressed in gram-molecules of salt dissolved in 1 000 grams of water.

The significance of the symbols m, c?A, v, and c^A — v has been already explained.

The differences (c?A - v) are accounted positive when dA is greater than v, and

negative when the reverse condition holds.

From an inspection of the values of dA and v in sub-table a, as derived from con-

secutive values of A, it will be seen that there is a decrease in the positive values of

dA-v for diminishing values of w from 1/4 to 1/32, when change of sign occurs and

negative values are obtained for w=l/64 and 1/128, then a reversal to a positive

quantity of -1-0-021 for 1/256, and again a negative value for 1/512.

There is thus a steady decrease in the positive values for dA — v from m ^ 1/4 to

m = 1/32. Between m = 1/32 and m = 1/64 there is change of sign, and from m = 1/64 to

m= 1/512 there are increasing negative values, with exception of -{- 0-021 at m= 1/256.

The value -f 0-021 for dA-v at w= 1/256 is of appreciable magnitude, but the

concentration of the solution is low, and, as shown in the example for calculating the

effect of specific gravity changes on the displacement, its relative value would be con-

siderably affected by slight changes in the value of the specific gravity.

If we now consider alternate values v^+i and v^_i instead of consecutive values
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Vn and Vn+i, the difference of these quantities as given in sub-table h, line j, includes a

value for dA which is approximately three times greater than that obtained by taking

consecutive values v^+i and v^ as in sub-table a.

Hence one-third of the difference of displacement {line k, sub-table b), added to the

lower value v„_i employed for the purpose of obtaining the difference, gives a new

interpolated value v' for the solution of m (see line m, sub-table h).

From this series of interpolated values of v^ a corresponding set of values, clA' (see

line I, sub-table b), is obtained by taking the difference of consecutive values of v',

and the differences of these values, dA' and v', give a new series of values, dA' — v\ set

out in line n, sub-table b.

A comparison of the values of dA' — v' (sub-table b) with those of dA — v (in sub-

table a) shows the same general character of the change of values and of sign from

m= 1/8 to m= 1/512, only that the reversal of sign takes place at m= 1/128 instead of

at 771 = 1/256 as in sub-table a.

A third series of values is derived by using the mean of corresponding values of

V and v', namely, ^{v + v') = v" , and obtaining the difference dA" — v" in the same way

as the corresponding values of dA — v and dA' — v' were obtained.

An inspection of these new values shows that the character of the decrease of the

positive value is the same as in the other two cases, but the reversal of sign remains at

7n= 1/128 as in sub-table b. The magnitudes of the values d/\" — v" when w<l/32

are, however, so small that they would indicate no comparative change of volume wlien

successive small increments of salt were added to these dilute solutions.

These calculations serve to indicate the character of the relative changes of volume

occurring when successive dilutions are effected.

The results of the treatment of the values of v in the case of KCl justifies a similar

treatment of the values of v in the solutions of the other salts included in the series of

tables. Class A, and the results for the salts of the types MR and MROg are given in

§ 5 1 in a series of tables of Class F for each salt, similar to the specimen table given

above, and arranged in triads of the salts having the same acid radical, R or ROg as the

case may be.
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5L Tables of Class F, illustrating the Method of arriving at the Volumetric Effect

produced by changing the Concentration of a Solution.

TRIAD OF CHLORIDES.
Table I. POTASSIUM CHLORIDE. KCl = 74-6. T = 19-5° C.

9

1/4
6-899

1/8
3-416

7

1/16
1-684

6

1/32
0-841

5

1/64
0-423

1/128
0-217

3

1/256
0-098

2

1/512
0-064

1

1/1024

Sub-table a.

A-1000-«;
d^ -- V

7-102

6-899

+ 0-203

3-483

3-416

+ 0-067

1-732

1-684

+ 0-048

0-843

0-841

+ 0-002

0-418

0-423
-0-005

0-206

0-217
- 0-011

0-119

0-098

+ 0-021

0-034

0-064

-0-030

Sub-table b.

v„+i - V„-i

v'n+\-v'n= dA'
l-'n-l + kiVn+l-Vn-l)--

clA' - v'

6-944

10 585
3 528
3 522
3 422

+ 100

5-215 2-575 1-261 0-624 0-325 0-153
1-738 0-858 0-420 0-208 0-108 0-051

1-723 0-856 0-418 0-219 0-091 0-051

1-699 0-843 0-425 0-206 0-115 0064
+ 0-024 + 0-013 -0-007 + 0-013 -0-024 -0-013

SUB-TABLH C.

v"„+i-v"n = dA"

dA"-v"

7-080

6-921

+ 0-159

3-502

3-419

+ 0-083

1-728

1-691

+ 0-037

0-849 0-416 0-213 0-105 0-042

0-842 0-424 0-211 0-106 0-064

+ 0-007 -0-008 + 0-002 -0-001 -0-022

Table IL RUBIDIUM CHLORIDE. RbCl = 121-0. T=19-5° C.

Sub-table a.

Vn+l - V„ = dA
A-1000 = r

dA - V

8-435

8-202

+ 0-233

4-145

4-057

+ 0-088

2-037
2-0-20

+ 0-017

1-014

1-006

+ 0-008

0-517

0-489

+ 0-028

0-251

0-238

+ 0-013

0-116

0-122

-0 006

0-049

0-073
•0-024

Sub-table b.

Vn+i - Vn~i

Uv„+-i - V„-i)

v'n+i-v'n = dA'

dA' -v'

8-250

12-580
4-193

4-170

4-080

6-182

2-060

2-057

2-023

3-051

1-017

1-024

0-999

1-531

0-510

0-505

0-494

+ 0-090 +0-034 +0-025 +0-011 +0-006 -0-066 +0-009

0-768

0-256

0-250
0-244

367
122
089

0-155

0-165
0-082
0-082

0-073

Sub-table c.

v"„+i-v"n= dA"

2

dA" - v"

8-411

8-226

+ 0-185

4-158

4-068

+ 0-090

2-047

2-021

+ 0-026

1-019

1-002

+ 0-017

0-511

0-491

+ 0-020

0-250

0-241

+ 0-009

0-103

0-138

035

0-065

0-073

-0-008

Table in. CiESIUM CHLORIDE. CsCl = 168-5. T = 19-5°C.

Sub-table a.

VH+l-Vn = dA
A-1000 = 'u

dA -V

10-335

10066
+ 0-269

5-077

4-989

+ 0-088

2-514

2-475

+ 0-039

1-250

1-225

+ 0-025

0-621

0-604

+ 0-017

0-313
0-291

+ 0-022

0-147

0-144

+ 0-003

0-065

0-079

-0-014

Sub-table b.

Vn+l - Vn-1

M^n+1 - I'n-l)

v'„+i-v'n= dA'
Vn-l + i{Vn+l - Vn-l) = v'

dA' - v'

10-126

15-412
5-137

5-121

5-005

+ 0-116

7-591

2-530

2-525

2-480

+ 0-045

3-764 1-871 0-934 0-460 0-216

1-255 0-624 0-311 0-153 0072
1-252 0-626 0-305 0-150 0-068

1-228 0-620 0-297 0-147 0-079

+ 0-024 + 0-024 + 0-008 + 0-003 -0-011

Sub-table c.

v"n+l-v"n= dA"

t±j:=v"
2

dA" - v"

10-305

10-096

+ 0-209

5-099

4-997

+ 0102

2-520 1-251 0-6-23 0-309 0-149 0-070

2-477 1-2-26 0-603 0-294 0-145 0-075

+ 0-044 + 0-025 + 0-020 + 0-015 + 0-004 -0-005
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Tables of Class F, illustrating the Method of arriving at the Volumetric Effect

produced by changing the Concentration of a Solution.

TRIAD OF BROMIDES.
Table IV. POTASSIUM BROMIDE. KBr= 119-1. T = 19-5°C.

9

1/4
-690

1/8
4-314

7 6 5 4 3 2

/1

6

1/32 1/64 1/128 1/256 1/512
2-153 1-081 0-554 0-278 0-139 0-074

1

1/1024

Sub-table a.

A-1000 = y

8-857

8-690

+ 0-167

4-376

4-314

+ 0-062

2-161

2-153

+ 0-008

1-072
1-081

-0-009

0-5-27

0-554

-0-027

0-276

0-278
-0-002

0-139

0-139
0-000

0-065

0-074

-0-009

Sub-table 6.

y„+i - i;„-i

v'n+i -v'n= dA'
Vn-1 + M'""+l - •""-!) = ''''

rfA' - v'

8-725

13-233
4-411

4-393

4-332

+ 0-061

6-537 3-233 1-599 0-803 0-415 0-204
2-179 1-078 0-533 0-268 0-138 0-068
2-173 1-072 0-541 0-269 0-135 0-068

2-159 1-087 0-546 0-277 0-142 0-074

+ 0-014 -0-015 -0-005 -0-008 -0-007 -0-006

Sub-table c.

v"n+\ - v"n = dA"
v'+V_ ,1

dA"-v"

8-840

8-707

-t 6-133

4-384

4-323

+ 0-061

2-167

2-156

+ 0-011

1-072 0-534 0-273 0-137 0-066

1-084 0-550 0-277 0-140 0-074

-0-012 -0-016 -0-004 -0-003 -0-008

Table V. RUBIDIUM BROMIDE. RbBr = 165-5.

Sub-table a.

T = 19-5° C.

Wn+l - Vn = dA
A-1000 = 'y

dA-v

10-279
9-983

+ 0-296

5-042

4-941

+ 0-101

2-485

2-456

+ 0-029

1-234

1-222

+ 0-012

0-595
0-6-27

- 0-032

0-319

0-308

+ 0-011

0-119

0-189

-0-070

0-099
0-090

+ 0-009

0-008
0-082

•0-074

Sub-table b.

'V71+I - Vii-l

k(Vn-i-l - V„-i)

v'n+l - v'n= dA'
Vn-l + i{Vn+l -Vn-\) = V'

dA' - v'

10-048

15 321

5 107
5 083
4 965

+ 118

7-527
2-509

2-503

2-462

+ 0-041

3-719 1-829 0-914 0-438 0-218
1-240 0-610 0-305 0-146 0-073
1-225 0-624 0-278 0-172 0-045

1-237 0-613 0-335 0-163 0-118
-0-012 + 0-011 -0-057 + 0-009 -0-073

0-107

0-036

0-036

0-082

-0-046

Sub-table c.

v"n+i -v'\^ — dA"
v' + v

dA"-v"

= v

10-247

10-015

+ 0-232

5-062

4-953

+ 0-109

2-494

2-459

+ 0-035

1-230 0-609 0-299 0-145 0-072

1-229 0-620 0-321 0-176 0-104

+ 0-001 -0-011 -0-022 -0-031 -0-032

0-022

0-082

-0-060

Table VI. CESIUM BROMIDE. CsBr = 213-0. T=19-5°C.
Sub-table a.

Vn+l-Vn = dA
A -1000 = 1;

dA-v

11-894

11-756

+ 0-138

5-954

5-802

+ 0-152

2-929

2-873

+ 0-056

1-407

1-466

-0-059

0-771

0-695

+ 0-076

0-302

0-393
-0-091

0-169

0-224
-0-055

0-116

0-108

+ 0-008

0-045

0-063
-0-018

Sub-table 6.

Vn+l - Vn-l

^(I'n-l-l - Vn-l)

v'n+i-l/n = dA'
V„-l + k{l>n+l-Vn-l)-

dA' - v'

11-751

17-848
5-949

5-917

5-834

+ 0-083

8-883

2-961

2-923

2-911

+ 0-012

4-336 2-178 1-073 0-471 0-285
1-445 0-726 0-358 0-157 0-095
1-490 0-670 0-370 0-178 0-086
1-421 0-751 0-381 0-203 0-117

+ 0-069 -0-081 -0-011 -0-025 -0-031

0-161

0-054

0-054

0-063
-0-009

Sub-table c.

v"„+i-v"n =dA"

2
dA" - v"

11-897

11-753

+ 0-144

5-935

5-818

+ 0-117

2-926

2-892

+ 0-034

1-449 0-720 0-336 0-174 0-101

1-443 0-723 0-387 0-213 0-112

+ 0-006 -0-003 -0-051 -0-039 -0-011

0-049

0-063

0-014
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Tables of Class F, illustrating the Method of arriving at the Volumetric ESect

produced by changing the Concentration of a Solution.

TRIAD OF IODIDES.

Table VIL POTASSIUM IODIDE. KI = 166-1. T = 19-5°C.

1/4
11-281

1/8
5-574

7

1/16
2-772

6 5 4 3 2

1/32 1/64 1/128 1/256 1/512
1-395 0-695 0-347 0-168 0-089

1

1/1024
0-040

Sub-table a.

Vn+\ - Vn = d£i.

A-1000 = j;

fZA - V

11-497

11-281

+ 0-216

5-707

5-674

+ 0-133

2-802
2-772

+ 0-030

1-377

1-395

-0018

0-700

0-695

+ 0-005

0-348

0-347

+ 0-001

0-179

0-168

+ 0-011

0-079

0-089
-0-010

0-049

0-040

+ 0-009

Sub-table b.

w'„+l-l/n = C?A'

V,i-\ + KVn+\ - Vn~l) = v'

dA' -v'

11-309

17-204
5-735

5-701

5-608

+ 0-093

8-509 4-179 2-077 1-048 0-527 0-258

2-836 1-393 0-692 0-349 0-176 0-086

2-820 1-401 0-691 0-352 0-169 0-092

2-788 1-387 0-696 0-344 0-175 0-083

+ 032 + 0-014 -0-005 + 008 -0-006 + 0-009

0-128

0-043

043
0040

Sub-table c.

v' + f_

dA" -

1

nlA" 11-483

11-295

+ 0-183

5-704

5-591

+ 0-113

2-811

2-780

+ 0-031

1-389 0-696 0-350 0-174 0-085

1-391 0-695 0-345 0-171 0-086

-0-002 + 0-001 + 0-005 + 0-003 -0-001

0-043

0-043

0-000

Table VI IL RUBIDIUM IODIDE. Rbl = 212-5. T = 19-5°C.

Sub-table a.

v„+i-v„=dA
A-1000 = 'u

dA - V

12-969

12-836

+ 0-133

6-412

6-424
0-012

3-221

3-203

+ 0-018

1-601

1-602
-0-001

0-789

0-813
-0-024

0-391

0-422

-0 031

0-204

0-218
-0-014

0-075

0-143

-0-068

0-082

0-061

+ 0-021

Sub-table b.

Wn+l -Vn-1
M^d+l - "n-l)

^

v',i+\-v'n= dA'

Vn-l + i{Vn+l-Vn-l)-v'
dA' - v'

12-884

19-381

6-460

6-470

6-414

+ 0-056

9-633 4-822 2-390 1-180 0-595 0-279 0-

3-211 1-607 0-797 0-393 0-198 0-093 0-

3-205 1-599 0-795 0-399 0-180 0-1-23 0-

3-209 1-610 0-815 0-416 0-236 0-113 0-

-0-004 -0-011 -0-020 -0-017 -0-056 + 0-010 -0-

157
052
052
061

Sub-table c.

v"n+i - v"n = dA"
v'-i-V_ „
~2 "

dA" - v"

12-945

12-860

+ 0-085

6-441

6-419

+ 0-022

3-213 1-600 0-792 0-395 0-192 099

3-206 1-606 0-814 0-419 0-227 0-128

+ 0-007 -0-006 -0-022 -0-024 -0-035 -0-029

0-067

0-061

+ 0-006

Table IX. CESIUM IODIDE. Csl = 260-0. T^

Sub-table a.

19-5° C.

V„+l-Vn= dA
A-1000 = 'y

dA -V

14-893

14-788

+ 0-105

7-445
7-343

+ 0-102

3-668
3-675
0-007

1-861

1-814

+ 0-047

0-875
0-939

-0-064

0-455

0-484
-0-029

0-207

0-277
-0-070

0-042

0-235

-0-193

0-082

0-153
0-071

Sub-table 6.

v„+i - V„-i

i{Vn+l-Vn-l)
v'n+i-v'n= dA'

Vn-l + i(v«+l - »n-l) = V'

dA' - v'

14-789

22-338
7-446

7-410

7-379

+ 0-031

11-113
3-704

3-722

3-657

5-529

1-843

1-806

1-851

+ 0-065 -0-045 -0-003

2-736
0-912

0-924

0-927

1-330

0-443

0-429
0-498
-0-069

•662

-221

•180

-318

-138

0-249

0-083

0-124

0-194

0-070

Sub-table c.

v"„+i-v"„-dA''

2

dA" - v"

14-893

14-788

+ 0-105

7-427

7-361

+ 0-066

3-695

3-666

+ 0-029

•124

•041

•041

•153

-112

1-834 0-899 0-442 0-194 0-083

1-832 0-933 0-491 0-297 0-214

+ 0-002 -0-034 -0-049 -0-103 -0-131

0-061

0-153

0-092



126 MR J. Y. BUCHANAN ON THE

§ 52. Tables of Class F, illustrating the Method of arriving at the Volumetric Effect

produced by changing the Concentration of a Solution.

TRIAD OF CHLORATES.
Table X. POTASSIUM CHLORATE. KC103 = 122-6. T=19-5°C.

9

1/4
11-352

1/8
5-632

7

1/16
2-785

6 5 4 3 2

1/32 1/64 1/128 1/256 1/512
1-337 0-661 0-324 0-158 0-057

1

1/1024

Sdb-table a.

A-1000 = »

(/A - V

11-352

5-720
5-632

+ 0-088

2-847

2-785

+ 0-062

1-448

1-337

+ 0-111

0-676

0-661

+ 0-015

0-337

0-324

+ 0-013

0-166

0-158

+ 0-008

0-101

0-057

+ 0-044

Sub-table h.

J(!'„+i-1)„_,)

v'n-\r\-v'n = dl^'

Vn-X + \{Vn+\ - Vn-\) = v'

dti! - v'

11-352
5-711

5-641

+ 0-070

8-567 4-295 2-124 1-013 0-503 0-267

2-856 1 -432 0-708 0-338 0-168 0-089

2-872 1-400 0-707 0-336 0-180 0-089

2-769 1-369 0-662 0-3-26 0-146 0-057

+ 0-103 + 0-031 + 0-045 + 0-010 + 0-034 + 0-032

Sub-table c.

y"ii+: -y"„ = f/A"

v'+v_ I,

dA" - v"

11-352

5-716

5-636

+ 0-080

2-859

2-777

+ 0-082

1-424 0-692 0-336 0-173 0-095

1-353 0-661 0-325 0-152 0-057

+ 0-071 + 0-031 + 0-011 + 0-021 + 0-038

Table XI. RUBIDIUM CHLORATE.
Sub-table a.

RbC103= 169-0. T = 19-5° C.

Vn+l-Vn = dA
A-1000 = t;

dA-v
12-726

6-373

6-353

+ 0-020

3-170

3-183

0-013

1-599

1-584

+ 0-015

0-809

0-775

+ 0-034

0-375

0-400
-0-025

0-200

0-200

0-000

0-089

0-111

0-022

Sub-table b.

V„+i - V„-i

M^»+i-""-i)
y',,+1 - v'„ = dA'

dA' - v'

12-726

6-362

6-364
-0-002

9-543 4-769 2-408 1-184 0-575 0-289
3-181 1-590 0-803 0-395 0-192 0-096
3-190 1-596 0-783 0-403 0-185 0-096
3-174 1-578 0-795 0-392 0-207 0-111

+ 0-016 + 0-018 -0-012 + 0-011 -0-022 -0-015

Sub-table c.

v' + v

dA" - v"

dA"

V 12-726

6-368

6-358

+ 0-010

3-180

3-178

+ 0-002

1-597 0-796 0-389 0-193 0-092

1-581 0-785 0-396 0-203 0-111

+ 0-016 + 0-011 -0-007 -0-010 -0-019

Table XII. CESIUM CHLORATE. CsClOg^

Sub-table a.

216-5. T=19-5°C.

Vn+\ - V„ = dA
A-1000 = u

dA-v
14-515

7-282

7-233

+ 0-049

3-564

3-669
0-105

1-865

1-804

+ 0-061

0-833

0-971
-0-138

0-495

0-476

+ 0-019

0-184

0-292
0-108

0-080

0-212
0-132

Sub-table 6.

J(r„+1-D„_l)
v'n+\-v'n = dA'

Vn-\+h{'«n+\-'en-\)-v'
dA' -v'

14-515
7-231

7-284

-0-053

10-846 5-429 2-698 1-328 0-679 0-264
3-615 1-810 0-899 0-443 0-226 0-088
3-670 1-744 0-951 0-401 0-218 0-088
3-614 1-870 0-919 0-518 0-300 0-212

+ 0-056 -0-126 + 0-032 -0-117 -0-082 -0-124

Sub-table c.

v'n-yi-1>"n=dA"
t)' + D_ ,/

~i
"

dA"-v"

14-515

7-257

7-258

0-001

3-617

3-641

-0-024

1-804 0-892 0-448 0-201 0-084

1-837 0-945 0-497 0-296 0-212

-0-033 -0-053 -0-049 -0-095 -0-128
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Tables of Class F, illustrating the Method of arriving at the Volumetric Effect

produced by changing the Concentration of a Solution.

TRIAD OF BROMATES.
Tablb XIIL POTASSIUM BROMATE. KBrO, = 167-1. T = 19-5°C.

9

1/4
11-290

1/8
5-576

7

1/16
2-761

6

1/32
1-370

5

1/64
0-688

4

1/128
0-347

3

1/256
0-176

2

1/512
0-089

Sub-table a.

1

1/1024

A-1000 = i;

rfA -r
11-290

5-714

5-576

+ 0-138

2-815

2-761

+ 0-054

1-391

1-370

+ 0-021

0-682

0-688
0-006

0-341
j

0-171

0-347
1

0-176
-0-006

1

-0-005

0-087

0-089

- 0-002

Sub-table h.

^(v„+i - Vn-\)

V'n+i-v'n = di^'

clA' - v'

11-290

5-686

5-604

+ 0-082

8-529 4-206 2-073 1-023 0-512 0-258

2-843 1-402 0-691 0-341 0-171 0-086

2-832 1.393 0-691 0-341 0-172 0-086

2-772 1-379 0-688 0-347 0-175 0-089

+ 0-060 + 0-014 + 0-003 -0-006 -0-003 -0-003

Sub-table

v"„+l -v"n = dA"
v' + v_ ,,

dA" -v"

11-290

5-700

5-590

+ 0-110

2-824 1-392 0-686 0-341 0-172 0-086

2-766 1-374 0-688 0-347 0-175 0-089

+ 0-058 + 0-018 -0-002 -0-006 -0-003 -0-003

Table XIV. RUBIDIUM BROMATE. RbBr03 = 213-5. T=19-5°C.
Sub-table a.

Vn+l -Vn = d£i

A-1000=:V
dA-v

3-057

1-516

1-541

-0-025

0-774

0-767

+ 0-007

0-360

0-407
0-047

0-216

0-191

+ 0-025

0-095

0-096
0-001

Sub-table b.

M'Wn+l - Vn-i)

v'n+i~v'n = dA'
Vn-1 + i{Vn+l - Vn-l) = v'

dA' - v'

3-057

2-290 1-134 0-576 0-311
0-763 0-378 0-192 0-104

1-527 0-745 0-402 0-183 0-104
1-530 0-785 0-383 0-200 0-096

-0-003 -0-040 + 0-019 -0-017 + 0-008

Sub-table c.

3-057

1-522 0-759 0-381 0-200 0-099

1-535 0-776 0-395 0-195 0-096

-0-013 -0-017 -0-014 + 0-005 + 0-003

Table XV. CESIUM BROMATE. CsBr03 = 261-0. T=19-5° C.

Sub-table a.

I'n-f-l -Vn= dA
A -1000 = 1)

dA -V
3-511

1-744

1-767
0-023

0-903

0-864

+ 0-039

0-443

0-421
0-022

0-186 0-101
0-235 0-134

-0-049 -0-033

Sub-table b.

Vn+l - Vn~l

v'n+i - v'n= dA'
Vn-1 + i{l>n+l - Vn-i) = v'

dA' - v'

3-511

2-647 1-346 0-629 0-287
0-882 0-449 0-210 0-096

1-765 0-876 0-425 0-215 0-096
1-746 0-870 0-445 0-230 0-134

+ 0-019 + 0-006 -0-020 -0-015 -0-038

Sub-table c.

v"n+i -v"n= dA"

2

dA"-v"

3-511

1-755 0-889 0-434 0-201 0-098

1-756 0-867 0-433 0-232 0-134

-0-001 + 0-022 + 0-001 -0-031 -0-036
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Tables of Class F, illustrating the Method of arriving at the Volumetric Effect

produced by changing the Concentration of a Solution.

TRIAD OF lODATES.

Table XVI. POTASSIUM lODATE. KIO^ = 214-1. T = 19-5°C.

n
m
V

9

1/4
8-832

8

1/8
4-339

7

1/16
2-189

6

1/32
1-096

5

1/64
0-584

4

1/128
0-269

3

1/256
0-127

2

1/512
0-057

1

1/1024

Sub-table a.

Vn+\-Vn=d£i.
A-1000 = y

d6.-v
8-832

4-493

4-339

-fO-154

2-150
2-189

-0-039

1-093

1-096
-0-003

0-512

0-584
-0-072

0-315

0-269

+ 0-046

0-142

0-127

-f 0-015

0-070

0-057

+ 0-013

Sub-table h.

J(%+1 -- Vn-i)

v'n+i-v'n = dA'
Vn-\ + k{V„+\ - Vn-\)--

dA' - v'

8-832

4-429
4-403

+ 0-026

6-643 3-243 1-605 0-827 0-457 0-212

2-214 1-081 0-535 0-276 0-152 0-071

2-226 1-058 0-574 0-266 0-151 0-071

2-177 1-119 0-545 0-279 0-128 0-057
0-049 -0-061 + 0-029 -0-013 + 0-023 + 0-014

Sub-table c.

n-l-l -V n

v' + V

dA" -'o'

dA"

-V 8-832

4-461

4-371

+ 0-090

2-188 1-076 0-543 0-290 0-147 0-070

2-183 1-107 0-564 0-274 0-127 0-057

+ 0-005 -0-031 -0-021 + 0-016 + 0-020 + 0-013

Table XVII. RUBIDIUM lODATE. RbI03 = 260-5.

Sub-table a.

T = 19-5° C.

Vn+l-1>n = dA
A-1000 = i;

dA-v
2-576

1-300 0-615 0-317 0-154 0-118

1-276 0-661 0-344 0-190 0-072

+ 0-024 -0-046 -0-0-27 -0-036 + 0-046

Sub-table h.

Vn+l - Vn-l

M-Wn+l - V„-i)

v'„+i-v'n = dA'
Vn-l + hi'^'n+l-Vn-l)--

dA' - v'

2-576

1-915 0-932 0-471 0-272
0-638 0-311 0-157 0-091

1-277 0-644 0-308 0-184 0-091
1-299 0-655 0-347 0-163 0-072

-0-022 -0-011 -0-039 + 0-021 + 0-019

Sub-table c.

v"„+i-v"n = dA''

v' +v
~2"

dA" - v"

- = v 2-576

1-289 0-629 0-313 0-169 0-104

1-287 0-658 0-345 0-176 0-072

+ 0-002 -0-029 -0-032 -0-007 + 0-032

Table XVIII. CESIUM lODATE. CsIOj^ 308-0. T = 19-5°C.

Sub-table a.

Vn+ l -Vn=dA
A-1000 = v
dA-v

2-903

1-432

1-471

-0-039

0-685

0-786
•0-101

0-329

0-457
-0-128

0-185
0-272
•0-087

0-120

0-152
•0-032

Sub-table b.

I'n+l - Vn-l

v'„+i - v'n = dA'

dA' - v'

2-903

2-117 1-014 0-514 0-305
0-706 0-338 0-171 0-102

1-411 0-697 0-352 0-189 0-102
1-492 0-795 0-443 0-254 0-152

-0-081 -0-098 -0-091 -0-065 -0-050

Sub-table c.

i/'n+i-i>"n= dA"
v' + v _ ,,

2

dA"-v"

2-903

1-422

1-481

0-059

0-691

0-790

•0-099

0-340

0-450

-0-110

0-187

0-263

-0-076

0-111

0-152

•0-041
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Summary.

§ 53. Volumetric Effect produced on changing the Concentration of a Solution.

n
m

9

1/4

8

1/8

7

1/16

6

1/32

5

1/64

4

1/128

3

1/256

2

1/512

1

1/1024

MR dA"-v".

KCl
RbCl
CsCl

KBr
RbBr
CsBr

KI
Rbl
Csl

+ 0-159

+ 0-185

+ 0-209

+ 0-133

+ 0-232

+ 0-144

+ 0-183

+ 0-085

+ 0-105

+ 0083
+ 0-090

+ 0-102

+ 0-061

+ 0109
+ 0-117

+ 0-113

+ 0-022

+ 0066

+ 0-037

+ 0-026

+ 0-044

+ 0-011

+ 0-035

+ 0-034

+ 0-031

+ 0-007

+ 0-029

+ 0007
+ 0-017

+ 0-025

-0-012

+ 0001
+ 006

-0-002
-0-006

+ 0-002

- 0-008

+ 0020
+ 0-0-20

-0-016
-0-011

-0003

+ 0-001

-0022
-0034

+ 0-002

+ 0-009

+ 0-015

- 0-004
-0-022
-0-051

+ 0-005

-0024
-0 049

-0-001
-0-035

+ 0-004

-0-003
-0031
-0-039

+ 0-003

-0-035
-0-103

-0-022
- 0-008

- 0-005

- 0-008

'-0032
-0-011

-0001
-0-029
-0-131

-0-060
-0-014

0-000

+ 0006
-0-092

MRO3 dA"- v".

KCIO3
RbClOg
CsClOg

KBr03
RbHrOj
CsBrOs

KIO3
RbtOg
CsIOj

+ 0-080

+ 0-010

-0-001

+ 0-110

+ 0-090

+ 0-082

+ 0002
-0 024

+ 0-058

+ 0-005

+ 0-071

+ 0-016

-0-033

+ 0-018

-0013
- 0-001

-0031
+ 0-002

-0-059

+ 0-031

+ 0-011

- 0-053

- 0-002

-0-017

+ 0-022

-0021
-0-029
-0-099

+ 0011
- 0-007

-0-049

-0-006
-0-014

+ 0-001

+ 0-016

- 0-032

-0-110

+ 0-021

-0-010
-0-095

-0-003

+ 0-005

-0 031

+ 0-020

-0-007
-0-076

+ 0-038
-0-019
-0-128

-0003
+ 0-003

-0-036

+ 0013
+ 0-032

-0-041

§ 54. Solutions of the Salts of the Ennead MR.—The notes deal principally with

the character of the change in the value of d^ — v with changes of the value of min
the different solutions.

Table I. :

—

KCl.—This salt is the subject of the specimen table, § 50, and it

has been commented on in connection with that table.

Table II. :

—

RbCl.—In all three sub-tables the change of sign occurs between

m= 1/128 and w= 1/256. There is a steady decrease in the positive values from

m=l/4 to m= 1/128 in all three cases, excepting sub-table a at m=l/64, when an

increase over the previous value occurs.

The solutions of this salt show a regular decrease from high positive values of

dA — V to small negative values at low concentrations.

Table III. :— CsCl.—The series of values of d^ — v in the three sub-tables shows

a very regular decrease in magnitude from m = 1/4 to m = 1/256 ; change of sign occurs

between m= 1/256 and 1/512 with a small negative value.

Table IV. :

—

KBr.—There is a rapid decrease in the value of dA — v from m— 1/4

to m=l/l6, and between 7n=l/l6 and m=l/32 there is change of sign to a small

negative value, which persists right on to m= 1/512, and which is the characteristic

feature of the three sub-tables.

TRANS. ROY. SOC. EDIN., VOL. XLIX., PART I. (NO. 1). 17



130 MR J. Y. BUCHANAN ON THE

It would seem to indicate that in the solutions of any concentration less than

w=l/64 the dissolution of a small quantity of salt produces the same increment of

displacement.

Table V. :

—

RbBr.—In sub-table a the value of cZA — v decreases very rapidly

from 0*296 at m= 1/4, and changes to a negative value between m= 1/32 and m= 1/64,

and then oscillates between alternate high negative values and low positive values. In

sub-table c there is a regular increase in the negative values from m = 1/64 to m = 1/512.

We have here definite evidence of expansion on dilution.

Table VI.:

—

CsBr.—The character of the decline in positive values for c^A-v

is the same as that observed in the case of KBr and RbBr, and change of sign occurs

between 7n= 1/16 and m= 1/32. After this there is an irregular oscillation between

high positive and high negative values in sub-table a.

In sub-table c the positive values persist to m= 1/32, after which change of sign

occurs, and the negative sign remains for all values down to m= 1/512. The negative

values reach a maximum at m= 1/128 and then decline. Here again we have definite

evidence of expansion.

Table VII.:

—

KI.—A rapid decrease in positive values occurs between m=\/A
and w = ]/16. Then, with the exception of the small negative values of 0"01 8 and O'OIO

at ni = 1/32 and m = 1/512 respectively, there are small positive values for c?A — v. This

holds also in sub-table c, only that the positive and negative values for values of m below

1/82 are less.

The final note for KBr applies with greater force in the case of KI.

Table VIII. :

—

Rbl.—In sub-table a there is a sudden fall from a high positive

value of 0"133 for m=l/4 to a negative value of 0*012 at m=l/8. and then a

reversion to positive at 1/16 ; after this, the values are negative, except where

m= 1/1024.

In sub-table c there is a more progressive decrease in positive values from m = 1/4

to m = 1/16, and between this and m = 1/32 there is change of sign. The negative values

increase gradually to a maximum of 0'035 at 1/256 and then decrease, and we have a

positive value of 0*006 at 1/1024.

The evidence of expansion is conclusive. The character of these values is com-

parable with those of CsBr.

Table IX. :

—

Csl.—In sub-table a, with the exception of the sudden fall to a negative

value of 0*007 at w= 1/16, there is a progressive decrease to m= 1/32, where change of

sign occurs between m= 1/32 and m= 1/64, and an increase in magnitude of negative

values to a maximum of 0*193 at w = 1/256, and then a slight fall.

In sub-table c there is a progressive decrease in positive values to m = 1/32 ; then

change of sign, and progressive increase in negative values to 0*131 where m= 1/512,

a slight decrease occurring at m= 1/1024.

The character of values for dA — t; in all three sub-tables is the same. This is the

most marked instance where expansion occurs.
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§ 55. Solutions of the Salts of the Ennead MEO^.—The reason for the small

number of results in the cases of RbBrOg, RblOg, CsBrOg, and CsIOg is the very sparing

solubility of these salts in water.

Table X. :

—

KClOy—The values of c?A — -y in all the sub-tables are positive.

In sub-table a they are oscillatory in character, the maximum value being O'lll at

m= 1/32 ; the minimum of 0-008 at w= 1/256 rises to 0-044 at m= 1/512.

In sub-table c the maximum occurs at w=l/l6, while the minimum is at

m= 1/128. The nature of the oscillation is the same, but less pronounced.

Table XL :

—

EbClO^.—There are somewhat irregular alternations between positive

and negative values of c^ ^^ — f in the sub-table a. They are also of appreciable magnitude,

and in sub-table c the oscillations are still apparent, although a definite change of

sign occurs at m = 1/128, when the values of d^ — v for higher values of m are positive,

and the lower values of m are negative.o

In the table for MR = RbCl the same character is observed as here in the sub-table c
;

see note above.

Table XII. :

—

CsClO^.—There are exhibited here regular alternations between com-

paratively high positive values and high negative values for c?A — v in sub-table a,

except at m = 1/250 and w = 1/512, both of which are negative.

The maximum positive value is at tn = 1/32, while the maximum negative value is

at m= 1/64.

Owing to the greater magnitude of the negative values than the positive ones in the

sub-table a, we obtain a complete series of negative values of comparatively high magni-

tude in sub-table c, and with the exception of a slight diminution in the negative value

at m= 1/128 below that where m= 1/64, there is a progressive increase of the negative

values from the beginning to the end, giving distinct evidence of expansion on dilution.

Table XIII. :

—

KBrO^.—The character of changes in the values for d^ — v in all

three sub-tables is the same : a rapid fall in the positive values from O'lSS at m=l/8
to 0-021 where m-= 1/32, the negative values from m= 1/64 onwards being negligible.

This is observed in all three tables, although in sub-tables h and c the high magni-

tude of the positive values for d^ — v\b slightly modified.

This feature of the steady fall in positive values to a series of negligible negative

values is also to be seen in the series for MR = KBr, with the exception that there are

two negative quantities of appreciable magnitude in the values for o^A — v, where

m= 1/32 and in= 1/64 in sub-table c for KBr.

Table XIV. :

—

RhBrO^.—In sub-table a there is a regular alternation between

rather high negative values and positive values, while in sub-table c there is a regular

transition from negative to positive values, the change of sign occurring at m= 1/256,

the general character being that of commencing with a negative value and rising to a

positive quantity.

This is the only instance in these tables of the occurrence of contraction from the

highest concentration, m= 1/32, to the lowest, m= 1/512.
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Table XV. :

—

CsBrO^.—Here an irregular feature is observed in that there is a

negative value of 0"023 at w=l/32, which changes to a positive value of 0'039 at

7n= 1/64, then a diminution in a positive value at m= 1/128 to the maximum negative

value of the series of 0*049 at m= 1/256, with a slight diminution at w= 1/512.

In sub-table c a similar series of values for (iA — v is seen, except that they are

more regular.

Table XVI. :

—

KIO^.—In sub-table a the high positive value of 0-154 for dA-v
at m= 1/8 is changed to a negative value of 0'039 at m= 1/16, and with a diminution

of the negative value to 0"003 at 1/32 the maximum negative value of 0"072 is reached

at m= 1/64 ; then a transition occurs at m = 1/128 to a positive value of 0"046. After-

wards the positive value falls away.

There is thus a change from a high positive value to a high negative value, and

then reversion to moderately high positive value.

The same feature is observed in sub-table c, but it is of a more undulatory character.

Table XVII. :—RbIO^.—The positive value of 0-024 at m= 1/32 gives place to the

maximum negative value of 0-046 at m= 1/64 ; then there is a diminution in negative

values leading to a positive value of 0-046 at 1/512 in sub-table a.

The same character is observed in sub-table c, only more regular, the maximum
negative value of 0-032 occurring at w= 1/128.

Table XVIII. :— Cv/Og.—^The values for dA — v in each of the three sub-tables

constitute the most regular of all the series. All the values are negative and reach a

maximum value at m= 1/128 in all three sub-tables, and fall away regularly for higher

and lower values of m.

The character of the values for CsIOg somewhat resembles those for RblOg.

Section IX.

—

Notes on the Values of v for the Bnneads MR and MROg.

§ 56. The increment of displacement produced in 1000 grams of water at 19-5° C,

when 1/2 gram-molecule of potassium chloride is dissolved in it, is 14*001 Gj; when a

molecularly equivalent amount of potassium bromide is dissolved in the same quantity

of water, the increase in the displacement is 17'547Gx; when the salt in solution is

potassium iodide, the number is 22 '7 7 8 G^. Replacing, therefore, the chlorine by

bromine increases the displacement by 3-546 Gx ; and if the bromine be now replaced by

iodine, there is a further increase of 5-231 G-r in the displacement; or, replacing the

chlorine by iodine causes an increment of displacement of 8-777 G^. Proceeding in a

similar manner with the other salts of the ennead MR and tabulating the results, we

obtain Table I. An inspection of the table shows us that the differences for Br—CI when

equivalent quantities of the salts of K, Rb, and Cs are dissolved in the same quantity

of water are of the same order of magnitude till m = 1/32. The same characteristic is

observed between the same limits of m when bromine is replaced by iodine, but the

differences for the same gram-molecular weight of the salt are in these three series

greater than those observed when chlorine is replaced by bromine. In the third section
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of the table, when chlorine is replaced by iodine, the numbers expressing the differences

of the increments of displacement for the same value of m are the sum of the differences

for Br—CI, I—Br.

Turning now to Table II., we have the increase in the increment of displacement

produced when the metal in combination with the same acid is varied. Here again it

will be found that the numbers on the same line in each section are, i7iter se, of the

same order of magnitude till m= 1/32, after which they vary more or less irregularly.

Table L, giving the corresponding Differences between the Values of the Increments of

Displacement, i\ caused by the Dissolution of m gram-molecule of MBr and

MCI; MI and MBr; MI and MCI (where M = K, Rb, or Cs) in 1000 grams of

Waterat 19-5°C.
ENNEAD MR.

R = BROMIDE-CHLORIDE. IODIDE-BROMIDE. IODIDE—CHLORIDE.

M = K. Rb. Cs. K. Rb. Cs. K. Rb. Cs.

m.

1/2 3-546 3-625 3-249 5-231 5-543 6-031 8-777 9-168 9-280

1/4 1-791 1-781 1-690 2-591 2-853 3032 4-382 4-634 4-722

1/8 0-898 0-884 0-813 1-260 1-483 1-541 2-158 2-367 2-354

1/16 0-469 0-436 0-398 0-619 0-747 0-802 1-088 1-183 1-200

1/32 0-240 0-216 0-241 0-314 0-380 0-348 0-554 0-596 0-589

1/64 0-131 0138 0-091 0-141 0-186 0-244 0-272 0-324 0-355

1/128 0-061 0070 0-102 0-069 0-114 0091 0-130 0-184 0-193

1/256 0-041 0067 0-080 0029 0029 0-053 0-070 0-096 0-133

1/512 0010 0-017 0029 0-015 0-053 0-127 0025 0-070 0-156

1/1024 -0-021 0-090

Table II., giving the corresponding Differences between the Values of the Incre-

ments of Displacement, v, caused by the Dissolution of m gram-molecule of RbR
and KR ; CsR and RbR ; CsR and KR (where R = C1, Br, or I) in 1000 grams

of Waterat 19-5° C.

ENNEAD MR.

M = RUBIDIUM-POTASSIU m. CESIUM—RUBIDIUM. CESIUM—POTASSIUM.

R = CI. Br. I. 01. Br. I. CI. Br. I.

711.

1/2 2636 2-715 3-027 3-764 3-388 3-876 6-400 6-103 6-903

1/4 1-303 1-293 1-555 1-864 1-773 1-952 3-167 3-066 3-507

1/8 0-641 0-627 0-850 0-932 0-861 0-919 1-573 1-488 1-769

1/16 0-336 0-303 0-431 0-455 0-417 0-472 0-791 0-720 0-903
1/32 0-155 0-140 0-207 0-219 0-244 0-212 0-374 0-384 0-419
1/64 0066 0073 0-118 0-115 0068 0-126 0181 0-141 0244
1/128 0021 0-030 0-075 0-053 0-085 0-062 0-074 0-115 0-137
1/256 0-024 0-050 0-050 0-022 0035 0-059 0-046 085 0-109
1/512 0009 0-016 0-054 0-006 0-018 0092 0-015 0-024 0-146
1/1024 0-021 -0-019 0-092 0-113
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§ 57. Tables III. and IV. deal with the salts of the ennead MRO3, and correspond

in arrangement with Tables I. and II. respectively; and what has been said of the

two previous tables holds good, in general, with these two tables, but the agreement

of the values is not so close, nor is the number of values tabulated so great. In

Table III. the differences of the increments are nearly all negative quantities ; in

Table IV. they are all positive.

Table V. gives the differences of v between the oxyhalides and the halides of the

same metal for the two enneads, MRO3 and MR, and here also the same characteristic

agreement is noticed between the numbers on the same line in each section of the table.

Having thus briefly explained the contents of the tables and the chief characteristics of

the numbers in them, we will proceed to more fully discuss the effects produced on the

displacement of 1000 grams of water at 19 '5^ C, when the constituents of the salts

dissolved in it are changed ; and in order to compare the results of the halides with those

of the oxyhalides, we shall confine our attention to the numbers for m^ 1/16 and less.

Table III., giving the corresponding Differences between the Values of the Incre-

ments of Displacement, v, caused by the Dissolution of m gram-molecule of

MBrOg and MCIO3 ; MIO3 and MBrOg ; MIO3 and MCIO3 (where M = K, Rb,

or Cs) in 1000 grams of Water at 19-5° C. .

ENNEAD MRO,.

K03= BROMATE-CHLORATE. lODATE—BROMATE. lODATE—CHLORATE.

M= K. Rb. Cs. K. Rb. Cs. K. Rb. Cs.

m.

1/2

1/4

1/8

1/16

1/32

1/64

1/128

1/256

1/512

- 0-062

- 0-056

-0-024

+ 0033
+ 0-027

+ 0-023

+ 0-018

+ 0-032

-0-126
-0-043
-0-008

+ 0-007

-0 009
-0015

-0-158
-0-037
-0-107
-0-055
-0-057
-0-078

-2-458
-1-137
-0-572
-0-274
-0104
-0-078
-0-049
-0 032

-0-481
-0-265
-0-106
-0063
-0001
-0-024

-0-608
-0-296
-0-078

+ 0-036

+ 0037
+ 0-028

-2-520
-1-193
-0-596
-0-241
-0 077
-0055
-0031
0000

-0-607
- 0-308

-0114
-0-056
-0-010
-0-039

- 0-766

-0-333
-0-185
-0-019
-0-020
-0-050
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Table IV., giving the corresponding Differences between the Values of the Incre-

ments of Displacement, v, caused by the Dissolution of m gram-molecule of

RbROg and KRO3 ; CsROg and RbROg ; CsROg and KRO3 (where ROa^ClOg,

BrOg, or IO3) in 1000 grams of Water at 19-5° C.

ENNEAD MRO,

M = RUBIDIUM—POTASSIUM. CESIUM-RUBIDIUM. CaiSIUM-POTASSIUM.

R03= CIO3. BrOj. 10,. CIO3. B.O3. IO3. CIO3. BrOg. IO3.

m.

1/2

1/4

1/8

1/16

1/32

1/64

1/128

1/256

1/512

1-374

0-720

0-398

0-247

0-114

0-076

0042
0-054

0-296

0171
0079
0-060

0-015

0-007

0-387

0-180

0-077

0-075

0-063

0015

1-789

0880
0-486

0-220

0-196

0076
0-092

0-101

0-454

0-226

0-097

0-014

0-044

0-038

0-327

0-195

0-125

0-113

0-082

0-U80

3-163

1-600

0-884

0-467

0-210

0-152

0-134

0-155

0-750

0-397

0-176

0-074

0-059

0-045

0-714

0-375

0-202

0-188

0-145

0095

Table V., giving the corresponding Differences between the Values of the Incre-

ments of Displacement, v, caused by the Dissolution of m gram-molecule of

MCIO3 and MCI; MBrOg and MBr ; MIO3 and MI (where M = K, Rb, or Cs)

in 1000 grams of Water at 19-5° C.

MRO3-MR.

ROs-
R= CHLORATE-CHLORI DE. BROMATE—BROMIDE. lODATE- IODIDE.

M = K. Rb. Cs. K. Rb. Cs. K. Rb. Cs.

7)1.

1/2

1/4 4-453 4-524 4-449 2-600 -2-449
1/8 2-216 2-296 2-244 1-262 -1-235
1/16 l-IOl 1-163 1-194 0-608 0-601 0-638 -0-583 -0-727 -0 772
1/32 0-496 0-578 0-579 0-289 0-319 0-301 -0-299 - 0-326 -0-343
1/64 0-238 0-286 0-367 0-134 0-140 0169 -0-111 -0 152 -0-253
1/128 0-107 0-162 0-185 0-069 0-099 0028 -0-078 -0078 -0-027
1/256 0-060 0038 0-148 037 002 0011 -0041 - 0-028 - 0-005

1/512 -0-007 0-038 0-133 0-015 0-006 026 -0032 -0-071 -0-083

§ 58. If, in a solution containing I/I6 grm.-mol. KCl in 1000 grams of water at

19*5' C, we imagine the chlorine to be replaced by bromine, the process is accompanied

by an increase of 0'469 G-,, in the displacement of the original solution. If the operation

be performed upon an equivalent solution of RbCl, the increase in the displacement is

0*436 Gt; if the salt in solution be I/I6 grm.-moL CsCl, the increase is 0"398Gt-

Therefore, it appears that, when we replace CI by Br in I/I6 grm.-mol. solutions of the
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chlorides of K, Rb, and Cs, approximately the same increment of displacement is

produced. Commencing again with our solution of KCl, and replacing the potassium by

rubidium, causes an increase in the displacement of 0-336 Gx; when rubidium is

replaced by caesium, the increase is 0*455 Gx; replacing potassium by caesium produces

an increase of 0791 Gx. If we now consider a solution of i/l6 grm.-mol. of KBr, and

replace the potassium by rubidium, there is an increase in the displacement of 0'303 Gx ;

replacing the rubidium by caesium causes a further increase of 0"4 1 7 Gx ; or if potassium

be replaced by caesium, the increase is 0720Gt. Setting out the numbers in the

manner shown below gives a clearer view of the various changes that take place

when one element in a compound is replaced by another :

—

K. Diff. Rb. Diff. Cs.

CI . . 1-684 + 0-336 = 2-o'20 + 0-455 = 2-475

Br . . 2-153 + 0-303 = 2-456+0-417 = 2-873

Diff. 0-469 0-436 0-398

It will be seen that the difference between RbCl and RbBr is nearly the same as

that between KCl and KBr, because the increase in the increment of displacement

produced when K is replaced by Rb in KCl is about the same as that produced when

Rb takes the place of K in KBr. Therefore, when in solutions containing 1/16 grm.-

mol. of KCl or KBr the potassium is replaced by rubidium, approximately the same

increase in the increment of displacement is produced ; further, when CI is replaced by

Br in KCl and RbCl, the increase is nearly the same in each case, but of a higher value

than when the change is made in the metals. The difference between the atomic weights

of CI and Br is 44*5
; between K and Rb it is 46 '4. The atomic weight of CI is less

than that of K ; so, also, is the atomic weight of Br less than that of Rb
;
yet there is a

greater difference of displacement produced by changing the acid than by changing

the base.

Turning our attention now to the chlorides and bromides of rubidium and caesium,

we find that replacing CI by Br in RbCl causes an increase in the displacement of RbCl

which is the mean of the increases produced when Cs replaces Rb in RbCl and RbBr,

and is greater than when Br replaces CI in CsCl. There is a greater effect produced by

changing the metals when CI is the acid than when Br is the acid ; also, when the acid

united with the same base is changed, the variation is greatest for the lightest metal,

and least for the heaviest.

Proceeding on the lines set forth above, we will next consider the changes caused by

replacing bromine by iodine, when combined with the same three metals :

—

K. Dilf. Rb. Diff. Cs.

Br . . 2-153 + 0-303 = 2-456 + 0-417 = 2-873

I . . 2-772 + 0-431 = 3-203 + 0-472 = 3-675

Diff. 0-619 0-747 0-802
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Replacing Br by I in KBr, RbBr, or CsBr produces increases in the displacements

which become greater as the atomic weight of the metal increases.

There is a greater increase produced by replacing K by Rb in KI than that

produced when Rb takes the place of K in KBr ; a similar effect is seen with the

corresponding salts of rubidium and caesium, but in both instances the replacing of one

metal by another causes a smaller change than when iodine takes the place of bromine

in the bromide of the metal. The exchange of iodine for bromine produces increases in

the values of v which rise with the increase of the atomic weight of the metal in

combination ; as was previously observed, the replacement of chlorine by bromine

caused changes in the increase of v which diminished with the increase in the atomic

weight of the metal. We may summarise the foregoing observations by saying that

the replacement of the acid in a salt of the general formula MR (where M = K, Rb,

or Cs, and R = CI, Br, or I) by another acid causes a greater change in the value of the

displacement of a solution containing 1/16 grm.-raol. of the salt in 1000 grams of

water at 19 '5° C. than the replacement of the metal by another metal. The only

exceptions to this are when Cs takes the place of Rb in RbCl, and when Br replaces

CI in CsCl, this latter being the smallest change produced when one acid is replaced by

another. The values of the differences of the displacements for 1/16 grm.-mol.

solutions of the salts of the halides are given in the table below.

K. Diff. Rb. Diff. Cs.
Diir.

(K by Cs).

CI

Diff.

Br
Diff.

I

Diff CI by I

0-469

0-336

0-436

0-455

0-398

0-791

0-619

0-303

0-747

0-417

0-802

0-720

1-088

0-431

1-183

0-472

1-200

0-903

In the table, differences on the same line are, inter se, comparable ; the differences in

the same column headed " Diff." are also comparable.

§ 59. The salts of the oxyhalides will now be dealt with in a manner similar to that

of the halides.
K. Diff. Rb. Diff. Cs.

C103

BrO,

2-785 + 0-398 = 3-183 + 0-486 = 3-669

2-761 + 0-296 = 3-057 + 0-454 = 3-511

Diff. - 24 0-126 -0-158

If, in a solution containing 1/16 grm.-mol. KCIO3 per 1000 grams of water at

19*5° C, we replace the chlorine by bromine, the process is accompanied by a decrease

in the displacement of the solution by an amount equal to — 0-024 Gi ; if the operation

TKANS. ROY. SOC. EDIN., VOL. XLIX., PART I. (NO. 1). 18
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be performed on an equivalent solution of RbClOg, the decrease is — 0'126 Gx ; if the

salt in solution be CsClOg, the decrease is — 0'158 Gj. Therefore, when we replace

the chlorine by bromine in 1/16 grm.-mol. solutions of the chlorates of K, Rb, and Cs

we observe that the change produces a decrease in the displacement of the solution,

and this decrease becomes greater as the atomic weight of the metal increases.

Confining our attention next to the changes produced in the displacement by-

varying the metal combined with the same acid, we find that when K is replaced by

Rb in KCIO3 the displacement of the solution increases, as it also does when Rb is

replaced by Cs in RbClOg. There is a similar increase when we consider the bromates

of the same three metals ; but replacing K by Rb in KBrOg produces a smaller increase

than when the same change is made in KCIO3. Similarly, the replacement of Rb by

Cs in RbBr03 is less than when Cs replaces Rb in RbClOg. In the four cases where

an exchange of metals takes place the corresponding changes in the displacements are

positive ; with the three changes obtained by replacing CI by Br the changes in the

displacement are negative, and numerically less than when the metals are changed.

K. Diflf. Rb. DiflF.

BrOg

I0„

2-761+0-296

2-189 + 0-387

Diff. - 0-572

3-057 + 0-454

2-576 + 0-327

0-481

Cs.

V.

= 3-511

= 2-903

-0-608

With the bromates and iodates of the same three metals we find that replacing the

bromine by iodine causes a reduction in the displacement of — 0*572 Gx in tbe case of

KBrOg ; with RbBrOg the change in the displacement is — 0'481 G^ ; and with CsBrOg

it is — 0'608 Gx- When we compare the results obtained by changing the metal

combined with the same acid, we find that the iodates have positive values for the

change in the displacement, just as the bromates and chlorates had, but that, whereas

the replacement of Rb by Cs in RbClOg and RbBrOg gave an increase in the displace-

ment which was greater than that produced by the exchange of Rb for K in KCIO3 and

KBrOg, the replacement of Rb by Cs in RblOg causes an increase in the displacement

which is less than that caused by replacing K by Rb in KlOg. The results of the

changes produced in the displacement by the replacement of one constituent by

K. Diff. Rb. Diff. Cs.
Diff.

(K by Cs).

C103
Diff.

BrOs
Diff.

IO3
DiffClOgbylOg

-0-024
0-398

-0-126
0-486

-0-158
0-884

-0-572
0-296

-0-481
0-454

-0-608
0-750

-0-596
0-387

-0-607
0-327

-0-766
0-714



ClOj—CI .

K.

. 1-101
Rb.

1-163

BrOj—Br . . 0-608 0-601

IO3-I . . -0-583 - 0-727

SPECIFIC GRAVITY AND DISPLACEMENT OF SOME SALINE SOLUTIONS. 139

another in the salt dissolved is given in the preceding table. We do not here find so

close an agreement between the numbers in a line, nor between those in the same

column, but the agreement is still near enough to prevent any ambiguity as to which

line or column a series belongs. Moreover, the columnar differences are all positive,

while the line differences are all negative. We may further note that with the replace-

ment of Rb by Cs and K by Cs the columnar differences decrease with an increase in

the molecular weight of RO3, while replacing K by Rb causes irregular changes in the

displacement. With the line differences the replacement of CIO3 by BrOg and CIO3

by IO3 causes an increase with an increase of the atomic weight of the metal ; but with

the replacement of BrOg by IO3 the changes in the displacement are irregular.

§ 60. The next effect to consider is that produced by the addition of the three oxygen

atoms to the salts of the halides to form the corresponding salts of the oxyhalides.

Cs.

1-194

0-638

-0-772

In order to do this the above table has been constructed, in which the differences

between the corresponding salts of the halides and oxyhalides for the same metal are

entered in vertical columns. If we imagine that in a solution of 1/16 KCl + 1000 grams

of water at 19-5° C. we add sufficient oxygen to the chloride and so produce KCIO3

in solution, the operation is accompanied by an addition to the displacement of

I'lOl Gt ; if the same operation be performed on a 1/16 grm.-mol. solution of the

bromide of the same metal, the increase in the displacement is only 0"608 G-x ; and if

we treat a solution of the iodide in the same way it produces a diminution in the dis-

placement of -0"583 Gt. An inspection of the changes occurring when the three

corresponding salts of rubidium and caesium are similarly treated shows us that they

behave not only in an analogous manner, but that the amount of the change in each

case is almost the same as that observed with the potassium salts, increasing slightly

with the atomic weight of the metal.

This action of the three atoms of oxygen upon the displacements of solutions of

1/16 grm.-mol. of the halides in 1000 grms. of water at 19-5° C. is peculiar, since in

each case we have added the same weight of oxygen, namely, 3 grams, and the effects

produced by it are similar in the salts with the same acid but different bases, but differ

when the acid in combination with the same base is varied.

§ 61. ^ General Comparison and Summary of the Variation in the Values of
the Mean Increment of Displacement for Dilute Solutions of Salts of the two

Enneads MR and MRO^ {where M may he K, Rb, or Cs, and R may he CI,

Br, or I).—This comparison includes:

—

(a) The variation produced by successive dilutions of a solution of an individual salt.

(h) The character of the variation in the case of the whole series of solutions of

salts of the two enneads.

(c) The variation with the molecular weight.
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The first point has been adequately dealt with in the immediately preceding section,

and the two remaining ones will now be considered. The diagram on next page

clearly shows the relations pointed out above, and the following are the more

distinctive features which are illustrated.

All the halide salts, with the possible exception of KI, have the property of causing

expansion with dilution of their respective solutions, this expansion, in the case of the

chlorides, being nearly proportional to the rise in the atomic weights of the base, as

shown by the almost parallel march of the curves. In the case of the bromides the

march is not so regular, the solutions of the rubidium and caesium salts inducing a

greater relative expansion on dilution than is the case with the potassium salt, the

change being greatest in the case of the rubidium salt.

With the iodides, this increased effect of expansion which occurs on dilu-

tion of solutions of the salts of rubidium and csesium over that of potassium is

considerably enhanced, the solutions of potassium iodide showing practically no

expansion.

Thus, summarising the effects, the mutual relations of halogen and base in the cases

of halide salts of potassium and the chlorine compounds of rubidium and csesium produce

normal effects, as shown by only slight changes in the values of vjm as the solutions

decrease in concentration, while the remaining salts show expansion on dilution of

solutions of them, which increases in magnitude with increase in molecular weight,

reaching a maximum with csesium iodide. This is interesting when it is considered

that csesium is the most electro-positive element, and seems to point to the expansive

effect produced by both csesium and iodine independently, while mutual interference

occurs in the other cases.

The oxyhalides are not comparable in any sense with their respective halide

compounds, which have been treated above.

The most obvious feature of the incorporation of the oxygen atoms is, that the

values for vjm decrease with the increase in molecular weight when triads of the salts

having common base and the same concentration are compared, the only exception

being the case of potassium bromate ; and this feature is the reverse of that in the case

of the halide salts. Also in the case of KCIO3 and KIO3 contraction occurs on dilution

of their respective solutions ; and where expansion occurs on dilution, the general order

is that of proceeding from the iodates to the chlorates, where the greatest expansive

effect is seen in the case of csesium chlorate. This is the reverse of the order which is

seen in the case of the halides. The chlorates show the greatest variations in the

values of vjin with dilution of solutions of the salts, and least with the bromates, the

iodates beit)g intermediate.

Thus the effect of the inclusion of the oxygen in the molecule of the halides is to

greatly increase the expansion effect when solutions of the chlorates of rubidium and

csesium are diluted, to exert very little if any effect in the case of the bromides, and to

diminish the effect of expansion in the case of the iodides, the general effect in the
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cases of potassium and rubidium iodates being that of contraction on dilution, while

the iodate of caesium simulates the character of the iodide of the same base, though to

a modified degree ; as though the dominating influence were the expansive effect of the

basic radical.

§ 62. If we consider the solutions of the salts of the double ennead MR, MRO3, we

have eighteen solutions for each value of m. Owing to the sparing solubility of some

of the salts of the ennead MRO3, the highest value of m available for all the salts is

1/16. The eighteen salts can be divided into three hexads, the members of each

hexad containing a common metallic element, K, Rb, or Cs, and into three other hexads

having a common metalloidal element, CI, Br, or I. The values of v ( = A— 1000) for

the solution of 1/16 gram-molecule of each of the salts in the three hexads having

the common elements K, Rb, Cs are arranged in the tables, and the graphic effect is

illustrated in the diagram of § .38. When we wish to compare the solutions having

different values of m, it is convenient to use the values of v/m, that is, the increment

of displacement (A — 1000) reduced to the value which it would have if m = 1. This is

found in the general tables of Class E (§ 30) ; and for the solutions of 1/32 gram-molecule

salt and under, with nucleus CI, Br, or I, the values of vjin are represented graphically

in the diagram § 61, in which the ordinates are values of v/m, and the abscissse

values of m.

When this diagram is studied, it is seen that the arrangement of the curves is

different in each of the three compartments which correspond to the solutions of salts

having as common elements the metalloids CI, Br, I respectively, and that their

differences are not altogether irregular. In the first diagram, the common element

being CI, the values of vjm follow the same order as that of the arrangement for

m= 1/16 in the tables, namely, KCl, RbCl, CsCl, KCIO3, RbClO^, CsClOg. This order

is maintained for m= 1/64, 1/128, 1/256. When the common element is Br or I, the

arrangement of the salts with respect to the values of vjm is different.

The values of vim recorded in the general tables of Class E, with the curves in

the above diagram, furnish the means of appreciating the changing characters of the

difierent solutions with change of concentration, having regard to the numerical values

of the constant vjm for the different salts for the different values of m.

§ 63. It is instructive to consider the order in which the salts of each hexad follow

each other when arranged in ascending order of values of vjm, without paying particular

attention to their actual numerical values.

For this purpose it is convenient to represent each hexad of salts by a hexagon,

the centre of which is occupied by the common element, metal or metalloid, as nucleus.

The angles of the hexagon are then supposed to be occupied by the residues of the

respective salts after abstraction of the common element, arranged in ascending order

of magnitude of vjm, the lowest value occupying the lowest angle on the paper, and

the other values of vjm occupying the other angles seriatim in ascending order of

magnitude, and going round from left to right.
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R

In the figure we have a hexagon the corners of which are numbered on this plan

from 1 to 6. hiside the hexagon we have the common element M
or R, and above it the value of m for the particular solution. The

residue corresponding to the lowest value of v/m is entered at the

corner numbered 1, the next higher at 2, the next at 3, and so on,

the residue corresponding to the highest value of i;/m occupying place

No. 6. For concentrations higher than m=\/64, the arrangement of

residues is the same as that given for m=l/64 in the six hexagons

corresponding to the common elements CI, Br, I, K, Rb, Cs.

In the accompanying figures we have the three hexagons 1/64 [CI], 1/64 [Br],

1/64 [I] corresponding to the nuclei CI, Br, I, and to the value of m = 1/64. The

salts corresponding to the first hexagon are CIM and CIMO3. and their residues after

abstraction of CI are K, Rb, Cs, KO3, RbOg, CsOg. Entering these at the corners, on

the plan above explained, in ascending order of magnitude of t'/m, the residue corre-

sponding to the lowest value of v/m being entered at place 1 , we find that the order

in which the residues follow each other is that of the salts of the two triads CIM and

KO, Cs CsO,

Cs

Rb

1/64

CI

RbO,

CsO,

K0„

Rb

1/64 ^^^3

Bp

K

CsO«

K

RbOo

1/64

I

Rb

Cs

K KO,

ClMOo, and following the ascendino; order of molecular weight in each triad. When
the nucleus is Br, the order difi'ers from that corresponding to CI in that the neigh-

bouring residues Cs and KO3 change places. When the nucleus is I, the arrangement

seems to be quite diff'erent, but it is derived from that with the nucleus Br by replacing

at each corner the residues M by MO3 and MO3 by M.

If we arrange the residues in parallel lines we have :

—

Hexagon. Residues in ascending order of magnitude of v/m.

1/64 [CI]
1/64 [BpI
1/G4 [I]

K
K
KO3

Rb
Rb
Rb03

Cs
KO3
K

KO3
Cs

CSO3

RbOg
RbOg
Rb

CsOg
CSO3
Cs

When the metals act as nucleus, we have the hexagons in the figures on p. 144.

In each of these hexagons CI occupies place 1, Br place 2, and IO3 place 3. The 4th

place is occupied in the consecutive hexagons by CIO3, Br03, Br03 ; the 5th by BrOg,

CIO3, I
;
and the 6th by I, I, CIO3. The hexagon 1/64 [K] is derived from 1/64 [CI]

by an exchange of place between I and IO3, which correspond to Cs and CsOg ; when
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CIO3 and Br03 change places, we get 1/64 [Rb] ; and when CIO3 further changes places

with I, we get 1/64 [Cs].

CIO, BrOo BrO,

lOs /
1/64

\ BrO„

Br
K

IO3 '
i/g4

^ C10„

Br
Rb

I0„

Br

1/64

Cs

I

CIO.

CICI CI

The expressions 1/64 [Cs], 1/64 [CI], etc., are used as abbreviations to mean

the hexagons corresponding to the nuclei Cs, CI, etc., and the solutions containing

1/64 grm.-mol. salt per thousand grams of water. The general expressions 7n [R] and

m [M] indicate the hexagons corresponding to salts with a metalloidal or a metallic

nucleus respectively, the solutions of which contain m grm.-mol. of the salt per thousand

grams of water.

§ 64. It has already been pointed out that the hexagonal arrangement of residues

in ascending order of magnitude of I'/m is the same for each nucleus at all concentrations

for which m>l/64, and we have shown how the arrangements expressed by 1/64 [R]

and 1/64 [M] are derived from that corresponding to 1/64 [CI]. We now proceed

to consider the case of in [R] and m [M] when m<l/64. It is only in solutions of

such low concentration that the phenomenon of expansion on further dilution with

water shows itself

Beginning with the solutions of salts having a metalloidal nucleus, R, we arrange

the hexagons in three lines of four hexagons each. For the top lines R = CI, for the

middle line Br, and for the lowest line I. In each line the concentrations are defined

by m=l/64. 1/128, 1/256, and 1/512 in consecutive order. This arrangement is

exhibited in the group of hexagons on next page.

Considering the hexagons with nucleus CI, we see that, for m^ 1/256, the

residues follow in the orders of the triads M, MO3, and in each triad in the ascending

order of atomic weight, K, Eb, Cs, KO3, RbOg, CsOg. This may be called the regular

system. For m= 1/512 this order is preserved, with the exception that place 1 is

taken by KO3 and we have KO3, K, Rb, Cs, RbOg, CsOg.

When the nucleus is Br and ??i=l/64, 1/128, the order of residues is that of

consecutive triads, with transposition of KO3 and Cs. For m= 1/256 and 1/512, Rb

and KO3 are transposed, and also RbOg and Cs, so that the residues come to be

arranged alternately after the type M and MO3 respectively round the hexagons

—

K, KO3, Rb, RbOg, Cs, CSO3. In the eight hexagons m [CI], m [Br], place 6 is occupied

by CSO3, and in seven out of the eight hexagons place 1 is occupied by K.

When the nucleus is I, we find that place 1 is occupied in all cases by KO3, and

place 6 by Cs ; that is, the initial residue of the second triad takes the lowest place,

and the final residue of the first triad takes the highest place. Places 2 and 3 are
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occupied by RbOg and K respectively for m= 1/64, 1/128, 1/512, and by K, Rb03 for

m= 1/256 ;
places 4 and 5 are occupied by Rb and CsOg respectively for m- 1/128,

1/256, 1/512, and by CsOg, Rb for m^ 1/64. For nucleus I and m = 1/256, the order

of residues is the exact counterpart of that for nucleus Br and m= 1/256, 1/512. In

Hexagons of the Type m [R].

KG. KO, KO, Cs

Cs

Rb

1/64

CI

RbO„

CsO„

Cs

Rb

1/128

CI

K

Cs

RbO»

CsO,

Cs

Rb

1/256

CI

Rb03

CsO,

Rb

K

1/512

CI

K

Cs

K

Rb0«

RbO,

CsO,

KG,

RbO,

K0„

Rb

1/64

Br

RbOg

CsO,

KO,

Rb

1/128

Br

RbU,

CsO,

Rb

KO,

1/256

Br

Cs

CsO,

Rb

KO,

1/512

Bp

Cs

CsOo

K

CsO,

K

Rb

K

Rb

K

Rb

K

RbO,

1/64

I

Rb

Cs

K

RbO,

1/128

I

KO,

CsO,

Cs

RbO,

K

1/256

I

CsO,

Cs

K

RbO,

1/512

I

KO, KG,

CsO,

Cs

KG,

the latter, the residues of type MOg occupy the places with even numbers, and those

of type M occupy those with odd numbers ; in the former, the opposite is the case, so

that we have the following arrangement of residues in

—

Places numbered

1/256 and 1/512 [Bp]
1/256 [I]

1 2 3 4 5 6

K
KO3

KO3
K

Rb
RbOg

RbOg
Rb

Cs
CSO3

CSO3
Cs

1

§ 65. Turning now to solutions of salts having a metallic nucleus, M, we arrange

the hexagons in three lines of four hexagons each, as on the following page. For the

top line the nucleus is K, for the middle line Rb, and for the lowest line Cs. In

each line the concentrations of the solutions are defined by to=1/64, 1/128, 1/256,

and 1/512, in this order.
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ClU.,

Hexagons of the Type m [M].

CIO, CIO,

Br

BrO, BrO, Br / "" T
1/256

Br

^^ 1/512' ^

Br03 CIO,
K

Br0„

CIO,

IO3

BrO,

10, CIO, 10,

Br

1/128

Rb

BrOg

1

10, /
,

\ 010, Br
^ 1 /256

^

CI

1/512

Rb

CIO,

CI

10,

I03

10,

1/64

Cs

^^rOg ^1/128' ^^*^« ^^'0" ^-^-^ t

CIO3 Br Cs

BrOg/^^gJ^ CIO"

ClOg Bi Cs

CI 01

The outstanding feature of the m [M] hexagons is the position occupied by IO.3, which

corresponds to CsOg in the m [R] hexagons. Whereas CsOg in these solutions occupies

place 6 in eight out of twelve solutions, IO3 does not occupy place 6 in any of the m [M]
solutions. In two cases it occupies place 1, in one case place 2, and in six cases

place 3 ;
thus, in nine cases out of twelve it is found in the first three places of the

hexagon, and in the three remaining cases it occupies place 4. It is most frequently

found at place 3, which in the regular system is the place for I. But I is never found

elsewhere than in places 5 and 6. It occupies place 6 eight times, and place 5 four

times. Therefore, the feature of the m [M] hexagons is that I and IO3 have exchanged

their regular places. Indeed, if we change them back again in the m [K] solutions for

which m=l/64 and 1/128, we get the regular arrangement corresponding to that of

1/64 [CI], namely, CI, Br, I, CIO3, BrOg, IO3. This preference of IO3 for the final

place in the first triad, in place of I, which takes that in the second triad, is quite

comparable with the interchange of functions between K and KO3 as regards the

initial positions in the triads of salts of nucleus R.

The other four residues confine themselves very closely to their own triads
; thus

CI does not leave it at all ; Br leaves it only once ; CIO3 also leaves it once, and

BrOg three times.
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§ 66. In the following tables we collect the different schemes of ordinal sequence

of residues for the different solutions of the hexads having metalloidal nuclei, ft

will be seen that the regukrity of these sequences and that of their progressive

development is remarkable.

Hexa-
gon.

Concentration (m) and Remarks. Ordinal Sequence of Residues.

m [CI] The regular system of sequence is found in 1/64,

1/128, 1/256.

K Rb Cs KO3 RbOg CSO3

By shifting KO3 to the first place and closing up, we KO, K Rb Cs RbOg CSO3
get 5/6 of the regular system.

»i[Bp] When KO3 and Cs exchange places in the regular

system, we have 1/64, 1/128.

K Rb KO3 Cs RbOg CSO3

The arrangement for 1/256 and 1/512 is also a very K KO3 Rb Rb03 Cs CSO3
regular one.

mfll Equally regular but opposed to the last is 1/256 KO3 K RbOg Rb CSO3 Cs

When K and EbOg exchange places, we have 1/128 KO, RbOg K Rb CsOg Cs

and 1/512.

And when Rb and CsOg now exchange places, we KOv RbOg K CsO, Rb Cs

have 1/64.

When we consider the hexads with metallic nucleus, we find less regularity in the

ordinal sequence of residues than we did in the hexads with metalloidal nucleus. The

greatest regularity is shown by the hexads which exhibit the common initial sequence

CI, Br, IO3, and we take them first.

Hexa-
gon.

Concentration (m) and Remarks. Ordinal Sequence of Residues.

m[K] 1/64, 1/128 1 This arrangement is derived from the regular

1/128 1 s?/s^em by transposition of I and IO3.m Rb 01 Br 10, CIO, BrO, I

M[Rb 1/64, 1/256 Transposing Br03 and CIO3.... CI Br 10, BrO, CIO, I

m Cs' 1/64 Transposing CIO3 and I . . . . CI Br 10, BrO, I CIO,
in Cs' 1/256 Transposing IO3 and BrOg .... CI Br BrO, 10, I CIO,
m Cs 1/128, 1/512 Transposing CIO3 and I . . . . CI Br BrO, 10, CIO, I

/H[Rb 1/512 Shifting IO3 to the beginning 10, CI Br BrO, CIO, I

m K 1/512 1 These two are not derived by any simple]

1/256 1 transpositions from others. (

10, CIO, CI Br I BrO,
m[K] CI I03 Br CIO3 I BrOg

In the following table the ordinal sequence of residues is shown in another

form. It consists of six sub-tables corresponding to the six nuclei respectively. The

middle column (m) gives the concentration of the solution in each line. The numbers

in the body of each sub-table are the ordinal numbers of the places occupied by the

residues at the top of each column in the solutions specified by the symbol of the

hexagon at the top of the sub-table and the value of m on the same line in the column

in the middle of the table. The numerals in the sub-tables are printed, some in black

type and some in ordinary type. The black type is used only when the particular

residue occurs three times out of four in its particular column ; the ordinary type is

used when it occurs twice or once in the same column.
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Residues.
Grm.-mol. Salt

per 1000 grms,

Water.

Residues.

K. Rb. Gs. KO3. RbOj. CSO3. 01. Br. I. CIO3. BrOj. 1O3.

Places occupied by Residues. m. Places occupied by Residues.

Hexagon m [CI]. Hexagon m [K].

1 2 3 4 5 6 1/64 1 2 6 4 5 3

1 2 3 4 5 6 1/128 1 2 6 4 5 3

1 2 3 4 5 6 1/256 1 3 5 4 6 2

2 3 4 1 5 6 1/512 3 4 5 2 6 1

Hexagon wi [Bp]. Hexagon m [Rb].

1 2 4 3 5 6 1/64 1 2 6 5 4 3
1 2 4 3 5 6 1/128 1 2 6 4 5 3
1 4 2 5 3 6 1/256 1 2 6 5 4 3
1 4 2 5 3 6 1/512 2 3 6 5 4 1

Hexagon m [I]. Hexagon m [Cs].

3 5 6 1 2 4 1/64 1 2 5 6 4 3

3 4 6 1 2 5 1/128 1 2 6 5 3 4
2 4 6 1 3 5 1/256 1 2 5 6 3 4
3

1

4 6 1 2 5 1/512 1 2 6 5 3 4

Section X.

—

Experimental Observations on the Displacement

OF Solutions of Sodium Chloride.

§ 67. Although chloride of sodium is not a member of either of the enneads which

form the principal material of this research, its importance in nature justifies its

inclusion in it.

The observations made at 1.5'0° C. and recorded in Table No. 26, Class A, were not

sufficient. A complete series of observations of specific gravity in which the values

of m formed a geometric series, descending from 1 to 1/512, was made at 19*50° C.

Besides this, two arithmetic series were included, in one of which the common
difference in values of m was 1/128, and in the other 1/64.

In the first of these two series there were eight solutions, in which m ^ i/128, 2/128,

.3/128, 4/128, 5/128, 6/128, 7/128, 8/128, respectively.

The second series proceeded by a common difference of 1/64 from 1/64 to 8/64,

the first four of this series being included in the first arithmetic series, namely, 2/128,

4/128, 6/128, 8/128.
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Table of Results of Experiments made on Solutions of Sodium Chloride varying

in Concentration from, 1 gram-molecule to 1/512 gram-molecule per 1000 grams

of Water by the Hydrometric Method.

SODIUM CHLORIDE. NaCl = 58-5.

T=19-5°C.

m.

1-000

1/2

1/4

1/8

7/64 =
6/64 =
5/64 =
1/16

7/128 =

6/128 =

5/128=

1/32

3/128 =

1/64

1/128

1/256

1/512

L
9-1 4 y

1

1
1 2-8(n!-

1
2 1-^3:!l

1 '

2 oOWU

4 2-6 B?

W.

1058-500

1029-250
1014-625

1007-312

1006-398

1005-484
1004-570

1003-656
1003-199

1002-742

1002-285
1001-828

1001-371

1000-914

1000-457

1000-228

1000-114

S. log A.

039683
020283
-010300
005166
004579
-003920

003265
-002636

-002294

-001947

-0016153
-001295|3

-001007;3
•000652 3

-000325 3

-000131 3

-000058 3

0077899
0038002
0018552
0009262
0007857
•0006761

0005645
-0004411

-00039191

•0003444

•00029041

•0002312

0001574'
0001137
0000573

'

0000421
00002431

d log A
dm A. dA.

0-0079794
0-0077800
0-0074320
0-0089920
0-0070144
0-0071424
0-0078976
0-0062976
0-0060800
0-0069120
0-0075776
0-0094464
0-0055936
0-0072192
0-0038912
0-0091136

1018-099

1008-789

1004-281

1002-135
1001-811

1001-558

1001-301

1001-017

1000-903

1000-793
1000-669

1000-530
1000-364

1000-262

1000-132

1000-097

1000-056

9-310

4-508

2-146

0-324

0-253

0-257

0-284

0-114

0-110

0-124

0-139

0-166

0-102

0-130

0-035

0-041

dA
dm

18-620

18-032

17-168

20-736

16-192

16-448

18-176

14-592

14-080

15-872

17-792

21-248

13-056

16-640

8-960

20-992

V log Aj - 3 _ 1

m

18-099

log Am - 3 X

1-000

17-578 2-049

17-124 4-199

17-080 8-410

16-558 9-914

16-619 11-522

16-653 13-800

16-272 17-660

16-512 19-877

16-917 22-618

17126 26 824
16-960 33-693

15-531 49491
16-768 68-512

16-897 135-949

24-832 185-033

28-672 320-531

m X

0-000

- 0-049

-0-199
-0-410
-0-771
-0-856
-1-000
-1-660
-1-591
-1-285
- 1-224

-1-693
-6 825
-4-512
-7-949

+ 70-967

+ 191-469

§ 68. Preiparation of Solutions.—Instead of diluting a stronger solution in order

to obtain the solution of requisite concentration in these arithmetic series, the method

was adopted of adding a quantity of solid sodium chloride to a weighed quantity of a

solution whose concentration was included in the series so as to produce the next

solution of higher concentration in the series.

The following schedule was drawn up from calculations made as to quantities of

solution and salt required in the preparation of an arithmetic series of solutions from

1/128 to 8/128 gram-molecule of sodium chloride in 1000 grams of water, each

solution being prepared from the more dilute one immediately preceding it.

a. h. c. d. e. /•

n. III.

Quantity of Water in

Solution whose
Concentration is m
grain-molecules

per 1000 grams Water.

Qnaiitit}' of Salt in the
Solution whose

Concentration is m
gram-molecules per
1000 grams of Water.

Quantity ofn-l
Solution required,

whose Concentration
is m - 1

.

Extra Quantity of Salt

to be added to

Quantity of Solution

given in Column e.

1 1/128 750 grams 0-3427 grams
2 2/128 730 ., 0-6673 „ 730-3335 grams 0-3338 gram
3 3/128 710 „ 0-9735 „ 710-6490 „ 0-3245 „

4 4/128 690 „ 1-2614 „ 690-9461 „ 0-3153 „

5 5/1 -J 8 670 „ 1-5310 „ 671-2248 „ 0-3062 „

6 6/128 650 „ 1-7824 „ 651-4852 „ 0-2972 „

7 7/128 630 „ 2-0155 „ 631-7275 „ 0-2880 „

8 8/128 610 „ 2-2303 „ 611-9515 „ 0-2788 „

Note.—The weights entered in this Table are the true weights, in vacuo, required for the production of the required solutions.

The actual weights placed on the pan of the balance were those weights adjusted for the meteorological conditions at the
time of experiment.
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The second series of experiments was made on a series of solutions having a common

difference of 1/64 gram-molecule. In this series it was necessary only to make experi-

ments on solutions where ?w = 5/64, 6/64, 7/64, 8/64, as the first four solutions were

included in the first arithmetic series.

The remaining solutions necessary to complete the geometric series from 1 to 1/512

gram-molecule were prepared in each case by the direct dissolution of salt in water.

§ 69. Experimental Results.—The following table, abstracted from the full table,

§ 67, gives the experimental results for the geometric series from 1 to 1/512 gram-

molecule solutions :

—

NaCl=58-5. T = 19-5°C.

d log A dA V
m. W. s. A. dA. d log A. dm dm m

1 1058-500 1-039683 1018-099 18-099

1/2 1029-250 1-020283 1008-789 9-310 0-0039897 0-0079794 18-620 17-578

1/4 1014-625 1-01U300 1004-281 4-508 0-0019450 0-0077800 18-032 17-124 1

1/8 1007-312 1-005166 1002-135 2-146 0-0009290 0-0074320 17-168 17-080
1

1/16 1003-656 1-002636 1001-017 1-118 0-0004851 0-0077616 17-888 16-272

1/32 1001-828 1-001295 1000-530 0-487 0-0002099 00067168 15-584 16-960

1/64 1000-914 1-000652 1000-262 0-268 0-0001175 0-0075200 17-152 16-768

1/128 1000457 1-000325 1000-132 0-130 0-0000564 00072192 16-640 16-897

1/256 1000-228 1000131 1000-097 0-035 0-0000152 0-0038192 8-960 24-832

1/512 1000-114 1-000058 1000-056 0041 0-0000178 00091136 20-992 28-672

1

§ 70. Specific Gravity.—The observations were made with the two hydrometers

3 and 17, and as a rule three series of observations were made with each hydrometer,

so that each entry in column S is the mean of six series. The greatest departure of

any one value from this mean was 2*2 in the fifth decimal place.

From m = 1/2 to m = 1/8 the rate of decrease of the increment of the specific gravity

(S- 1) is less than that of the concentration. Between m= 1/16 and m= 1/128 there

is an approach to a proportion between the rate of decrease of specific gravity and

that of concentration, while at ni= 1/256 and 1/512 this decrease is out of all propor-

tion to that of concentration,

§ 71, Displacement, A.—This value refiectsthe nature of changes in specific gravity.

If we compare the values of v with those of d^, we see that, between m= 1/2 and

m = 1/8, c/A is greater than v ; between m = 1/16 and m = 1/128 their values are nearly

identical, and for m= 1/256 and m= 1/512 there is considerable disparity.

If we take the specific gravity of NaCl in crystal to be 2-15, the sum of the separate

displacements of 1 gram-molecule of salt and 1000 grams of water is 1027 '209. The

displacement after dissolution has been efi'ected is 1018099, showing a contraction of

8 '5 10, When 1/1(5 NaCl is dissolved in 1000 grams of water the increment of displace-

ment per gram-molecule, v/m, is 16-272, showing a contraction of 10-937. Here the

compression accompanying the act of dissolution reaches a maximum. When the

concentration of the solution is less or greater than 1/16 Na(Jl+ 1000 grams of water the
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compression accompanying the act is less in both cases. When 1/256 NaCl has been

dissolved in 1000 grams of water the increment of displacement per gram -molecule,

v/m, is 24"832, and when 1/512 NaCl has been dissolved in 1000 grams of water the value

of vfm, is 28*672, which is greater than that of the salt in crystal, namely, 27 "209.

§ 72. Experiments on Solutions forming Arithmetic Series.—Two sets of such

experiments were made, the first series having the common difference 1/128 gram-

molecule, while the other had a common diff"erence 1/64.

The method of preparation of the solutions has been referred to in § 68, and in

this connection it is only necessary to say that, owing to the interesting nature of

the results obtained, it was considered advisable to repeat the experiments on certain

solutions in order to check the results obtained.

In each of these cases the solution was prepared by the direct dissolution of the

salt in water.

The result of these repetitions was in all cases to confirm the results obtained in

the original experiments, and will be referred to later.

§73. Series of Experiments on Solutions having the Common Difference dm= 1/128.

NaCl = 58-5. T= 19-50° C.

m. W. s. A. dA. d log A.
d log A
dm

rfA

dm'
V

m

8/128

7/128

6/128

5/128

4/128
3/128

2/128

1/128

1003-656
1003-199

1002-742

1002-285

1001-828

1001-371

1000-914
1000-457

1-002636

1-002294

1-001947

1001615
1-001295

1001007
1-000652

1-000325

1001-017

1000-903
1000-793

1000-669

1000-530

1000-364
1000-262

1000-132

0-114

0-110

0-124

0-139

0-166

0-102

0-130

0-0000492
0-0000475
0-0000540
0-0000592
0-0000738
0-0000437
0-0000564

0-0062976
0-0060800

00069120
0-0075776
0-0094464
0-0055936

00072192

14-592

14-080

15-872

17-792

21-248

13-056

16-640

16-272

16-512

16-917

17-126

16-960

15-531

16-768

16-897

. § 74. Difference of Displacement, dA.—The numbers in the column dA show a

characteristic rise in value from 7/128 to 3/128 gram-molecule concentration, and then

a fall at 2/128 gram-molecule.

dA
Under ^— these differences are referred to the constant value m=l and reproduceam ^

in an exaggerated degree the rise from the 6/128 to 3/128 gram-molecule.

The values for v/m show a similar rise, but the maximum occurs at the value for m
dA

immediately preceding that for the maximum value for -^— , but the character of the

change is the same.

The following table, which gives the maximum, mean, and minimum specific

gravities for each value of m, together with the corresponding values for displacement

and the difference of displacement for successive maximum, mean, and minimum
displacements, confirms the reality of the character of change in the values for d/1

:

—
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NaCl = 58-5. T=19-5°C.

7I>.
Weight of Solution

(mMR+1000).

Maximum, Mean, and
Minimum Specific

Gravity.

Displacement
corresponding to each

Value of S|iecific

Gravity.

1

Difiference of Displace-

ment for successive

Maximum, Mean, and
Minimum Values of

Displacement.

m.

1/128

W grams.

1000-457

S.

1
1-000344

- 1-000325

1 1-000320

A.

1000123
-132

-137

dA.

2/128 1000-914
(
1-000662

• 1-000652

I
1-000646

1000-252
-262

•268

0-129

-130

-131

3/128 1001-371
1
1-001022
1-001007

1 1-001000

1000-349
•364

-371

0-097

•102

•103

4/128 1001-828
(
1-001305

<' 1-001295

( 1-001286

1000-522
-532

•542

0-173

•168

•171

5/128 1002282
j
1-001621

\ 1-001615

1 1-001610

1000-660
•667

•671

0-138

-134

-128

6/128 1002-742
(
1-001953

<^ 1-001947

( 1-001936

1000^788
•793

-804

0-128

•127

•133

7/128 1003-199
1
1-002306

J 1-002294

( 1-002282

1000-891
-903

-915

0^103

•110

•111

8/128 1003-656
( 1-002645

<^ 1-002636

(1-002623

1001-007
-017

•029

0^116
-114

-114

The confirmation of the reality of the nature of the changes in displacement with

change of concentration which is given by the preceding table is due to the close

agreement of the specific gravity values in any series for a particular value of m, and

the character of change in the dijEference of displacement is the same whether the

maximum or minimum values for diff"erence of displacement A for consecutive values

of m, or maximum value of A„^ with minimum value of ^m+i> are taken.

§ 75. Although the above table shows that no further confirmation was required,

the repetitions intimated in § 72 were made, and gave the following results.

The concentrations selected for this purpose were 2/128, 3/128, and 7/128 gram-

molecules.

The solutions were made by the direct dissolution of the requisite amount of salt in

the appropriate quantity of water, and the results obtained in these later experiments

are compared in the following table, side by side with those obtained in the first series

of experiments :

—
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Concentration
of the Solution

in Ki-i'"-

molecules per
1000 Krams
of Water.

Results of Original Experiments. Results of Repeated Experiments. Difference

between ihe

Mean Specific

Gravities in

the two Series.

Highest Value
ofSiiecific

Gravity.

Lowest Value
of Specific

Gravity.

Mean Specific

Gravity.

Highest Value
of Specific

Gravity.

Lowest Value
of S|iecific

Gravity.

Mean Specific

Gravity.

2/128

3/128

7/128

1-000662

1-001022

1002306

1-000646

1-001000

1-002282

1-000652

1001007
1-002294

1-000672

1-001019

1-002309

1-000647

1-000992

1-002292

] -000655

1-001007

1-002298

0000003
0-000000
0-000004

Note.—The comparison of the figures given in the above table, where the greatest difference of the mean specific gravities

is 4 in the sixth decimal place, shows that the clianges in dis[ilacement of the solutions at tlipse concentrations are real,

and confirm the character of the changes in the values of dA and v, as shown in the table of original results.

%, 7Q. The Arithmetic Series of Solutions having the Common Difference of

Concentration 1/64 gram-molecule.—Observations were made on the 5/64, 6/64, 7/64,

and 8/64 gram-molecule concentrations, as the 1/64, 2/64, 3/64, and 4/64 gram-

molecule concentrations were dealt with in the series having the common diiference

1/128 {vide supra).

The solutions were prepared according to a scheme similar to the one described

in ^ 68.

The following table gives all observed and derived data :

—

NaCl = 58-5. T=19-5°C.

Weight of
'^-

: Solution.

Specific

Gravity.
Displacement.

Difference of

Displace-

ments.

Diflference of

Logarithms
of Displace-

ment.

Mean Increment of

Dis|ilaeenient per

gram-molecule
of Salt.

Diiference of

Displacement
per gram-
molecule.

m.

1/64

2/64

3/64

4/64

5/64

6/64

7/64

8/64

W.

1000-914
1001-828

1002-742

1003-656

1004-570

1005-484

1006-398

1007-312

S.

1000652
1-001295

1-001947

1-002636

1-003265
1-003920

1-004579

1-005166

W/S = A.

1000-262

1000-530

1000-793
1001-017

1001-301

1001-558
1001-811

1002-135

dA.

0-268

0-263

0-224

0-284

0-257

0-253

0-324

d log A.

-00011772
•00011303
-00009713
•00012295

-00011153
•00010962
•00014053

V

m'
16-768

16-960

16-917

16-272

16-653

16-619

16-558

17-080

dA_

dm'

17-152

16-832

14^336

18^176

16^448

16^192

20-736

§ 77. Displacement (A) and Difference of Displacement {d^).—Variations in the

values of dA. are obtained here as in the last series.

The maximum value is 0-324 between m = 7l%^ and m = 8/64 gram-molecule

concentration, and the minimum is 0'224 between m = 3/64 and m = 4/64, comprising,

as it does, the interval represented in the former arithmetic series between m = 6/128

and m = 8/128, including the two low values of 0*110 and 0*114,

There is a sudden rise to the high value 0*284 between m = 4/64 and m=5/64,
comparable with the change between m = 2/128 and m = 3/128 in the earlier arithmetic

series.
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The variations are more strongly marked in the values of —.— , which, in anam
exaggerated manner, indicate the nature of the changes from high to low values.

The values of v/m show an undulatory variation in consecutive values as contrasted

dA
with the values of

dm'

§ 78. In the following diagram the values of v/m are represented by the ordinates,

and those of m by the abscissae :

—

m
V

17 00

16-50

16 00

/^ \ /

"-
N

\ / /
\/

I5S0

15-00

'

-

64

3 2 5 3 7 4 6 6 7 8
128 64 128 64 128 64 64 64 64 64

The changes in the value of v\m with change of m, as shown by the contour of the

curve, indicate marked phases at concentrations where m = 3/128, 7/128, 4/64, and 7/64

gram-molecules, and a very characteristic sequence of changes takes place between

m = 4/128 and m = 8/128.

The advantage of introducing the arithmetical series is that these remarkable varia-

tions of displacement are clearly displayed, whereas they would be apt to be masked if

we had only the geometric series.

The reality of the remarkable features of solutions of low concentration ivhich have

for the first time been demonstrated in this research is firmly established by the care

with which the experiments have been made, and by the agreement between the results

of independent series of observations.
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Section XL

—

The Principle and Construction of the Open Hydrometer.

§ 79. AVhen the hydrometer is closed its mass cannot be diminished, and it can be

increased only by external additions, which in practice must be immersed either in air

or in the liquid. The use of submerged weights is attended by so much inconvenience

that it has to be avoided ; consequently, when the instrument is closed, its mass is

increased only by adding weights at the top of the stem. The extent to which such

additions can be made depends on the stability of the instrument when floating in the

experimental liquid. The instrument (No. 0) which I used exclusively during the

voyage of the Challenger weighed, in round numbers, 160 grams, and the greatest

weight which had to be added to it was 4*071 grams, which produced no disturbing

effect whatever. But I had the curiosity to find out what was the limiting weight

which could be used without altering the " trim " of the instrument, and it turned out

that it could be used in solutions of chloride of sodium of all concentrations. Taking

the specific gravity of the saturated solution as 1*2, 160 cubic centimetres of it must

weigh 192 grams, so that the weight to be added was 32 grams. The instrument bore

it ; but in a solution of chloride of calcium of slightly greater density it took a "list."

These experiments showed that the efficiency of the hydrometer did not diminish when

the concentration of the solution in which it was used was increased, but its handiness

was afiectcd when such heavy weights had to be attached to the stem.

In order to be able to use a method of such high precision for the determination of

the density of solutions of all concentrations, I determined to construct hydrometers

which should be left open at the top, so that their internal load, or ballast, could be

altered, and they could then be used in exactly the same way as the closed instrument,

by adding series of moderate weights to the top of the stem to produce corresponding

series of immersions or displacements.

§ 80. The glass instrument is made after the ordinary pattern, fig. 4, consisting of a

spherical bulb at the lower extremity to hold the ballast, a cylindrical body having a

diameter not less than that of the ballast bulb, and above it the cylindrical stem of

relatively small calibre ; it is left open instead of being hermetically sealed as in the

ordinary hydrometer. Instruments of this pattern may be ballasted either with mercury

or shot. The latter is the material which has been generally used, because it is more

easily handled than mercury, and, being confined in a spherical bulb of relatively small

size, it cannot shift and thereby disturb the trim of the floating instrument. Moreover,

when shot of a given and uniform size—for instance, No. 10—is used, the load may be

altered and adjusted by counting pellets.

When we have to deal with concentrated solutions of salts which are at once very

soluble and very expensive, the lower ballast bulb is suppressed, and the ballast is

accommodated in the cylindrical body of the instrument, as in fig. 5. With this not

uncommon form of instrument, and a cylinder of no greater diameter than that which

is absolutely necessary to secure free flotation of the hydrometer, the specific gravity
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of a solution can be determined with a minimum quantity of liquid. With instruments

of this form it is necessary to use mercury as ballast, not only in order to keep the

Fig. 3. Fig. 4. Fig. 5.

centre of gravity as low as possible, but also because, when free in a wide cylinder and

not confined in a small sphere, a quantity of shot does not necessarily rest with its upper

surface quite perpendicular to the direction of gravity.
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The paper scale, so convenient in the closed hydrometer, is inadmissible when the

internal load has to be shifted. Consequently the scale (millimetres) is etched on the

outside of the stem. When prepared for use the top of the stem is loosely closed by

a thin rod of white enamel glass which passes down the stem so far as the engraved

scale extends, and it is kept suspended in this position by being thickened to a

button at the top. This addition was made in order to provide an opaque white

surface behind the scale. I was unable at the time to procure suitable tubing with

white slip let into it. It is an integral part of the instrument, to the mass of which it

contributes its share.

The mass of the hydrometer is equal to the sum of the masses of its parts, namely,

the glass, the ballast, and the air respectively.

§ 81. In order fully to appreciate the importance of each of these masses in furnishing

the effective weight of the instrument, let us imagine that we are actually working in a

vacuum, and at sea-level in latitude 45°
; thus the air both outside and inside falls

away, and we have only the glass and the ballast remaining. Let us assume that

the load is of shot and has been so adjusted that the instrument, when immersed in

distilled water, of the temperature which is to be maintained uniform during the

experiment, floats with only a small portion of the stem immersed.

The first operation performed in the vacuum is to weigh the instrument ; let its

weight be W grams (true). Experiment No. 1.—Let it then be floated in distilled

water of the fixed constant temperature, and let the surface of the water cut the stem in

a line at C, fig. 6, next page. Then the weight of the water displaced by the instrument

below the line C is W grams (true). If we replace the water in the cylinder by a liquid

of greater density, such as a saline solution, and float the instrument in it, we find

that less of the instrument is immersed, and we are obliged to add weights at the top

of the stem in order to immerse it until the surface of the liquid cuts the stem in

the line C. Let the weight so added be w grams (true). The weight of the liquid dis-

placed by the hydrometer when immersed in it up to the line C is then (W 4- w) grams

(true). From this it follows that the weights of equal volumes of distilled water and

of the experimental liquid, at the particular fixed temperature, are in the proportion of

W : W -h tf, and the specific gravity of the liquid is —^— , referred to that of distilled

water of the same temperature as unity.

Experiment No. 2.—Let us now replace the experimental liquid in the cylinder

by distilled water and float the hydrometer in it. As before, the surface of the water

will cut the stem at C. Let us add a small weight to the stem, so that the instru-

ment is depressed until the surface of the water cuts the stem at D. Let the weight

of this small weight be u^ : then the weight of water so displaced up to D is (W-|-Mj)

grams (true) ; let us now replace the water in the cylinder by the same experi-

mental liquid as before ; and let small weights be added to the top of the stem

until the surface of the liquid cuts it at D. Let the weight of these small weights
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be iv-^. Then the weight of the liquid displaced by the hydrometer is (W + Wj)

grams (true), and the specific gravity of the liquid at the fixed temperature is

W + i^i

Q

Fig. 6.

, . We may repeat this operation, with different added weights,
VV *T" t^i

as often as we please, and it is evident that at each operation we obtain

a perfectly independent determination of the specific gravity of the

liquid referred to that of distilled water of the same temperature as

unity.

Experiment No. 3.—While continuing to work in the vacuum, let

us allow air to enter and fill the hydrometer, after which the top of

the stem is closed air-tight by a cover without weight. We now weigh

the hydrometer, and find its weight to be (W + a) grams (true).

Let it be immersed in distilled water of the fixed temperature.

Being heavier than before, by a, the weight of air which it contains,

it will sink in the water until its surface cuts the stem in a line a

little above C, say C ; therefore (W + a) grams (true) is the weight of

the water displaced by the part of the hydrometer below C Let the

water now be replaced by the same experimental liquid as before, and

let the hydrometer be immersed in it, and let weights be added to the

top until the surface of the liquid cuts the stem at C ; let this added

weight be tv' grams (true), w' will be a little greater than was w in

the first experiment by the difi'erence between the weights of the small

cylinder CC of water and of liquid respectively, and the specific gravity

of the liquid will be given by the ratio
W + a + w'

W + a
'
which must be

equal to —^— , as in the first experiment.

Experiment No. 4.—Similarly, if the hydrometer be now immersed

in the distilled water with weight u^, then the surface of the water

will cut the stem at D' ; if the water is now replaced in the cylinder

by the experimental liquid, then we shall have to add a weight iv^', a

little greater than w^ in experiment 2, and the specific gravity of the

liquid will be given by .^^ -, and it will be the same as in the^ 6 / W + a + Wi

former experiments.

Let us now return to the experimental conditions in which the

hydrometer full of air floats in vacuo at C in water, and, with the added weight

w', Sit C in the liquid.

Experiment No. 5.—Let air be admitted generally, and let it be of the same

density as that in the hydrometer, so that we are experimenting in air instead of in

a vacuum. The hydrometer is still closed by the cover without weight ; and, as
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the density of the air within and without the instrument is the same, there is no

cause for disturbance of equilibrium between the two masses of air, and they will

not interfere with each other.

The external air, admitted generally, reaches only to the surface of the water or

liquid and cannot interfere with the immersed portion of the hydrometer. The stem,

however, is now surrounded by a medium of given density, whereas, before, it was

surrounded by one of insensible density. The exposed stem displaces its own volume

of the air, and the downward vertical pressure which it exerts on the immersed portion

of the hydrometer is diminished by the weight of this volume of air. The whole of

its vertical pressure is exerted on the immersed part of the hydrometer below the

line C. As this pressure is diminished by the weight of the air displaced by the stem,

the hydrometer will rise and will float a little higher ; let it cut the stem at the line C",

which is situated a little lower than C but higher than C.

We have then the proportion :

—

The volume of the cylinder : that of the cylinder : : the volume of the exposed : the volume of the air in

C'C" C'C stem the hydrometer.

The total vertical pressure exerted by the hydrometer when floating in the distilled

water is now W + a — s, and the stem cuts the water at C". s is the weight of the air

displaced by the exposed portion of the stem.

Let the distilled water be now replaced by the same experimental liquid as before,

and let the hydrometer be immersed in it, and let weights be added to the top of the

stem until the surface of the liquid cuts the stem at C" ; let this added weight be w"

grams (true), w" will be a little less than was w' in Experiment No. 3, and the

specific gravity of the liquid is given by the ratio

W + a + w"— s

W + a-s '

which must be equal to

W + a + w'

W + a
'

as in the third experiment, and also equal to —=— , as in the first experiment.

Experiment No. 6.—Similarly, if the hydrometer be now immersed in the distilled

water with weight u^, then the surface of the water will cut the stem at D", a little

lower than D', but higher than D. If the water in the cylinder is now replaced by the

same experimental liquid, then we shall have to add a weight w\, a little less than

w\ in Experiment No. 4, and the specific gravity of the liquid will be given by the ratio

W + a + io'\ - s

W + a + Wj - s

'

and it will be the same as in the former experiments.

§ 82. The above suggested experiments will be best understood by reference to a

specific instance of the use of the instrument.
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The selected example is that of hydrometer A when immersed in distilled water,

and afterwards in a 4*4 gram-molecule solution of potassium chloride.

Referring to Experiment No. 1, when working completely in vacuo, with the hydro-

meter immersed in distilled water, the adjustment would be such as to cause it to Hoat

with the stem immersed to a scale reading of C = 177 mm.

Weight of glass and shot = W= 136-69884 grams.

On replacing the distilled water by the experimental solution, the added weight

necessary to cause the instrument to float at 17"7 mm. in vacuo would he w^ 23'25860

grams (true).

Weight of shot + glass + added weight =W + w= 136-69884-1- 23-25860= 159-95744

grams. The specific gravity would therefore be :

—

W + w 159-95744

W 136-69884
= 1-170144.

On admitting air into the hydrometer (Experiment No. 3), the result would be to

cause the instrument to be immersed to C'= 32-2 mm. in distilled water.

This is arrived at in the following manner :—The internal volume occupied by the

air is 112-493 c.c, and the density of the air was 0'001208 gram per cubic centimetre.

The weight would therefore be a = 0"13592 gram.

Since O'l gram added weight produces an immersion of 10-69 mm. of stem, and as

the weight of air admitted is distinctly an added weight, the immersion produced by

0-13592 gram would be

10-69 X 0-13592 ,,r= 14-0 ram.
0-1

Whence 17-7 H- 14*5 = 32-2 mm.

Total weight after admission of air to hydrometer is :

—

Weight of shot -f- glass -1- air = W -t- a = 136-69884 + 0-13592 = 136-83476 grams.

On immersing the hydrometer filled with air into the experimental liquid with a

similar adjustment as in the first experiment {W + tv), the hydrometer would be immersed

to a point short of C, since the air represents the same added weight in this case as

when the hydrometer is immersed in distilled water, and the same added weight would

not produce so great an immersion of the stem in the experimental liquid as in the

distilled water of lower density. Hence an addition must be made to the original added

weight (w) to cause the hydrometer to float at C, the 32-2 millimetres division, when

immersed in the experimental liquid, and the value of this addition is the diff"erence

between the weights of the same volume of experimental liquid and distilled water

represented by the volume of the portion of stem immersed when air was admitted into

the hydrometer while experimenting in distilled water.

Then we have seen that the weight required to increase the displacement in

distilled water from C to C is the weight of the air filling the hydrometer, namely,

0-13592 gram. When the distilled water is displaced by the experimental solution,
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of specific gravity 1 "170144, then the air admitted depresses the hydrometer in the

solution from C to a point lower than C The total weight required to increase the

immersion of the hydrometer in the solution from C to C is 013592 x ri70144

= 0'15905 gram. Therefore, in addition to the weight of the air, we require a

supplementary weight = 0-15905- 0-13592 = 0-02313 gram. The total weight of the

hydrometer is :

—

Glass + shot =:W= 136-69884 grams.

Air =a = 0*13592 „

Total added weight = w' = 23-28173 „

160-11649 „ =W + a + w'.

In this case 23-25860 + 0-02313 = 23-28173 grams = the total weight added to the

top of the stem.

The specific gravity under these conditions is :

—

W + a + w>' _ 160-11649 _^.^^^^^^W + a "136-83476"

When air is admitted generally (Experiment No. 5), the line of flotation will be at

another point, C", for distilled water, and, as explained above, may be represented as

a deduction from the added weight, the amount being equal to the weight of air

displaced by the non-immersed portion of the stem ; let s denote the value of the

weight of air displaced.

The volume of the non-immersed portion of stem is 0-9 c.c , and the weight of

1 c.c. air = 0-001208 gram. Therefore the weight of air displaced is 5 = 0-00109 gram.

Now an added weight of O'l gram produced an immersion of 10-69 millimetres, when

the hydrometer was immersed in distilled water, so an alteration of immersion of the

stem will occur, the amount being

10-69x0-00109 rt.,,— = 11 mm.

Hence the final position of the hydrometer when immersed in distilled water will be

C" = 32-09 mm. ; and the total weight :

—

Glass + shot + air = W + a = 136-69884 + 0-1 3592 = 136-83476 grams.

Less correction for non-immersed portion of stem = s=— 0-00109 ,,

W + a-s=136-83367

In the case of the experimental liquid, the final position is nearly that of C", the

actual correction for the non-immersed portion of the stem being arrived at in the same

manner as above, since 0-1 gram added weight produced an immersion of the stem of

9 '17 millimetres, and the volume of air displaced being the same as above, as also is the

weight, the alteration of immersion will be

9-17x0-00109 ^,^
Ty. =0'10 mm.
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The scale reading would therefore be 32*10 millimetres, and as the two readings

are such that the difference on the millimetre scale is imperceptible, they are taken

as identical.

The final weight is therefore :

—

Shot + glass + air + added weight

= W + a + M;'=136'69884 + 0-13592 + 23-28170 = 160-11649 grams.

Correction for non-immersed portion of stem ^s = — 0'00109

&'

W + a + it;'-s=:160-11540

o -n -^ 160-11540 T.T^,ni..Specific gravity = ^^^^^^^
= 1 1701 44.

C" is then the final position at which the surfaces of the water and of the

experimental liquid cut the stem when the added weight is nothing for water and

w' for the experimental liquid, and the experiment is made in air. The effective

downward vertical pressures are represented by the true weights W + a — s and

W + a + w' -s respectively.

It should be noted that in the example here given the value of the weight added

to the stem of the hydrometer to cause it to float at C" = 32 09 mm. is so very nearly

the same as that which caused it to float at C'=32-2 mm., that no alteration has

been made in the value of this weight, and we have, therefore, used the symbol tv' in

this first experiment instead of w", as given in Experiment No. 5.

We have imagined that the open hydrometer was actually weighed in a vacuum,

when it contained no air. In practice the hydrometer is weighed full of air and in air.

When to this weight we apply the vacuum correction, that is, the weight of air displaced

by the whole hydrometer and closed with its weightless cover, we obtain the value of

W + a which is the working weight in vacuo of the hydrometer. In this expression,

for any particular load, W is constant, it is the sum of the weights of glass and shot

alone. The weight of air, a, contained in it will vary with the density of the atmosphere

at the time.

§ 83. The open hydrometer consists of G^ grams (true) of glass and L,, grams (true)

of shot and A,, grams (true) of air, as when weighed in vacuo. In order to obtain these

constants, we first weigh the glass instrument empty as it comes from the glass-blower,

and find that it weighs G grams in air of given density. Taking the specific gravity

G
of the glass to be 2-5, we obtain -^ as the volume (in cubic centimetres) of the glass.

z

C
The weight of -^ cubic centimetres of air of the given density is a^ grams, and when

added to G gives the weight in vacuo of the glass of the instrument

:

Go = G + Ug,

Similarly, the weight of the sliot added as load is found to be L grams in air, and
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if we take its specific gravity to be ir35, the volume of air which it displaces is

c.c, the weight of which at the observed density is a^ grams, whence the weight
1 J. oo

in vacuo of the lead is

L„ = L + «(.

If the load L has been so adjusted that at the temperature, T, fixed for the experiments

the hydrometer floats in distilled water at the top of the stem, then the weight of

distilled water displaced by the hydrometer when so floating is in vacuo G^ + L^ + A^,

whence the external volume of the whole instrument is obtained ; let this volume be V,

then we have
r^ T A

where (p is the density of the air expressed in grams per cubic centimetre if A,, is

expressed in grams.

In this equation V, G^,, and L,, are known, therefore

</.- V2-5 + 11-35J

whence

In any locality (p varies with the weather, but it can always be ascertained by the

observation of the meteorological elements. The relative humidity of the air in the

special room required for this work seldom differs much from 50 per cent. ; therefore

the variations in the density of the air are due almost wholly to variations of the

barometric pressure. In London, the extreme range of barometric pressure may be

taken to be between 730 and 770 millimetres, having therefore an amplitude of 40

millimetres. If we suppose that the barometric pressure was 750 millimetres when

the instrument was weighed, and that the air then weighed 1 "2 milligram per cubic

2
centimetre, the extreme variations of density to be expected will be =t— x 1*2 = 0'032

milligram per cubic centimetre. In the case of hydrometer No. 1, when loaded for

work in distilled water the volume of air in the instrument was 112"5 c.c, which at

1'2 milligram per c.c. would weigh 135 milligrams, and the extreme variations of this

weight would be dz4"32 milligrams.

It is evident, therefore, that the actual weight of the air in the hydrometer at the

time of making an experiment is an essential factor in computing the weight of liquid

which it displaces. There is therefore an advantage in making such observations when

the weather is settled ; the variations of the barometric pressure in the course of a day

are then of such an order as to be almost negligible. If, however, a cyclonic depression

is passing over the locality, the change of barometric pressure from hour to hour may
have to be taken into account.

The dimensions of this instrument, fig. 4, are :—from lower extremity A to
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contraction B between the ballast bulb and the body of the instrument, 5 centimetres

;

the body from B to C, 13 centimetres; the stem, from C to F, 14 centimetres, making

the total length over all 32 centimetres. On the stem a length of 10 centimetres, DE,

is divided in millimetres, and numbered at each centimetre, 0, 1, 2, ... 10, from

below upwards; the lowest division, 0, is 1 centimetre from the junction of the stem

with the body of the instrument at C, and the highest division, 10, is 3 centimetres

from the upper extremity of the instrument at F. The external diameter of the body

of the instrument is 37 millimetres, and that of the ballast bulb 32 millimetres. The

external diameter of the stem is 3'5 millimetres, and the internal diameter 2"5 milli-

metres. As the ballast used is lead shot, and the load of this shot has to be frequently

altered, the internal diameter of the contraction at B as well as that of the stem must

be such that shot can be added to or removed from the instrument without trouble.

G is the button on the cane of white enamel glass which is suspended in the axis of

the stem, and, by affording a white background, enables the scale which is etched on

the glass to be seen with facility.

The glass shell of the hydrometer, as it came from the glass-blower, was first

weighed approximately, and the weight so found was 40 "5 grams. It was then loaded

with No. 10 lead shot so that it floated in distilled water of 19'5° C. with the zero division,

which is the lowest on the scale etched on the stem, exposed above water. 95 '6 grams

of shot were required for this purpose.

The hydrometer so loaded was found to weigh exactly 136 "1022 grams in air.

The atmospheric conditions were as follows :

—

Barometer, 760 "3 mm.

Temperature of air, 19"0° C.

Relative humidity, 70 per cent.

Whence the weight of 1 c.c. air = 0*001208 gram.

Taking the specific gravity of glass to be 2"5, that of lead to be 1 r35, we have :—

For the volume of 40 '5 grams glass . . . . . 16*2 c.c.

For that of 95*6 grams lead . . . .

And for the total volume of lead and glass

The volume of 136"1 grams brass weights is

Whence the balance of volume for correction is

8-4

24-6

17-0

7-6

The weight of 7 '6 c.c. air under the above conditions is 0*00912 gram.

Therefore the true weight in vacuo of the glass and shot is 136*1022 4- 0*00912 =

136*11132 grams. To this has to be added the weight of the air which the hydrometer

contains This is arrived at by floating the instrument in distilled water and by adding

suitable weights at the top of the stem, so as to immerse it up to the 50-mm. division

on the scale. The weight of distilled water so displaced is equal to the sum of the

weights of the glass, the shot, the small external weights added, and that of the air
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enclosed. As mean of the experiments made at 19'5° C, the added external weight

required was 075471 gram; so that the total solid weight of the hydrometer was 136"86603

grams, which may be taken as the weight of distilled water at the temperature 19*5°

displaced by the hydrometer. Dividing this weight by 0*99834, the density of distilled

water at 19"5°, we obtain 1 37*093 c.c. as the volume of the water, which is equal to the

external volume of the instrument which displaces it. If from the volume so found

we deduct the volume of the glass and lead, we find the volume of the air contained

in the instrument to be 112*493 c.c. Under the atmospheric conditions prevailing at

the date of the experiment, 1 c.c. of air weighed nearly 1*2 milligram, whence we

obtain 0*13592 gram for the weight of the enclosed air at the time. The weight of

enclosed air is not constant. It is subject to slight variations, principally those of

the barometric pressure, and these have to be taken into account.

§ 84. There remains now only one item to complete the total effective weight of the

floating hydrometer, namely, that of the air displaced by the portion of the stem above

water when the instrument is in equilibrium with the water. The total effective weight

of the hydrometer is diminished by this amount. When it is immersed up to the

oO-mm. division, the portion of the instrument not immersed in water is the part of the

stem above the 50-mm. division, having a length of 75 millimetres, namely 50 mm. to

the upper end of the scale and 25 mm. to the top of the stem.

The experiments made in distilled water at 19*5° C. with this hydrometer showed

that the addition of 0*1 gram to the weight at the top of the stem increased the im-

mersion by 10*69 mm., whence we obtain 0*7 c.c. as the volume of the exposed stem
;

and the weight of this volume of air is found as above to be 0*00084 gram. This has to

be deducted from the sum of the weights of glass, lead, and air. We have then :

—

Weight in vacuo of glass and lead

,, ,, air enclosed ...
„ ,, added external weight .

Giving as total weight .137*00195
Deducting weight of air displaced by stem .... -0*00084

We have for the final weight of the loaded hydrometer floating

at 50 mm. in distilled water at 19*5° C. . . . 137*00111

136*11132 grams.

0*13592 „

0*75471 „

Deducting from this the added external weight, 075471 gram,

we obtain the true weight of the hydrometer alone . 136*24640

Section XII.

—

Numerical Details illustrating the Use of the Open Hydrometer.

§ 85. For this purpose we will consider in detail the items of the experimental

determination of the weight of liquid displaced by the instrument which is designated

" Hydrometer A "
; it has for some time been in constant use.

A scheme for recording the items of observation is given in § 86.
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In the first vertical columii the line corresponding to each item is designated by

a letter

—

a, h, etc. In the second column are the symbols used for the principal items,

and in the body of the scheme the items are described or explained.

At the top of the table the standard temperature, T, selected for the experiment is

given, along with the designation of the liquid experimented on.

The descriptions in the scheme explain all the items, but we may refer more

particularly to one or two of them.

In lines d and k we have the times of the beginning and end of the experiment.

These are important, not only with a view to ascertaining the duration of the experi-

ment, but also as a matter of routine in all laboratory work. It is often of great

importance in the discussion of the results of experiments to know if errors which

appear to be possible, or indeed probable, could in fact have occurred in the time or in

the order in which the experiments were made.

Lines e and^, the initial and final temperatures of the liquid. As above indicated,

these should be identical, and the condition Ti = Ty = l'' should hold. The thermometer

chiefly used in these experiments was one graduated on the stem into tenths of a

Centigrade degree, the length of the whole degree being 12 millimetres. This is a very

suitable type of thermometer for the work.

Lines y*
(f^, f=^,

etc.). Each of these lines contains two entries in each series, namely,

%v^ the " added weight " in grams, and E, the corresponding division, in millimetres, on

the stem, at which the hydrometer, when so loaded, floats in the experimental liquid.

The addition of external weights proceeds usually by increments of 0"1 gram, and when

distilled water was the liquid, and hydrometer A was being used, each such increment of

weight produced an average increment of immersion equal to 10'69 millimetres, so that

nine observations could be made in each series. In concentrated solutions as many as

eleven single observations could be made in one series. The initial added weight was

regulated so that the fifth or middle reading should approximate closely to the 50-mm.

division, which was the arbitrarily selected division on the stem for the average

immersion of the hydrometer in every series.

By dividing the difference between the first and last of n readings by n — 1 we

obtain the mean immersion produced by O'l gram, which is given in the line g, and we

are thus able to determine the displacement of each millimetre of the stem.

Lines n and o. Line n contains the correction, dw„ to be applied to the mean

added weight w in order to make R = 50 mm. ; and line o gives w + dw,., the total

added weight when the hydrometer floats at 50 mm., the temperature being T.

Lines p and q. These lines contain the correction, dLVt, to be applied to the

mean added weight w, to compensate for the difference dt of T from the standard

temperature T.

Line r. This line contains the sum w + div,. + diVt, which is the total added weight

which would immerse the hydrometer to 50 mm. when floating in the liquid having

the temperature T exactly.
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In order to arrive at the value of the correction for temperature difference in terms

of weight, two series of observations are made in the experimental solution at two

temperatures one degree higher and lower respectively than the standard temperature

selected for the specific gravity determination. The same added weights are used

in both cases.

Under these circumstances the scale readings for the same added weight in the first

case must be higher than those in the second ; a series of differences of scale readings for

the same added weight is obtained, which in the case of hydrometerA amounted to 5 "0 mm.

for each pair of observations ; hence, for a difference of O'l"^ C. in the mean temperature

indicated in line I, we arrive at a value of 0"25 m.m. in scale reading, which represents

the effect of the alteration of the temperature of the liquid by 0'1° C, and, as has been

indicated above, this scale reading can be interpreted in terms of added weight diVt, to

be added to or subtracted from the total added weight according as the mean temperature,

T, is higher or lower than the selected standard temperature, T.

We thus obtain the total weight of experimental liquid displaced by the hydrometer

when floating in it at the 50-mm. division.

When the experimental liquid is distilled water, the entries in lines t and v are

identical, and the corresponding entry in line w is unity. Before proceeding with the

determination of the specific gravity of solutions, a number of series of observations

are made with the instrument in distilled water at the selected standard temperature, T,

by which we arrive at the total weight of the instrument when floating and immersed

in this liquid up to 50 mm. on the stem. When we are using the closed hydro-

meter this number is a constant. When the experiments in distilled water are being

made with the open hydrometer, the weight of air actually present in it at each experi-

ment is ascertained and taken into account in the computation of the whole displacing

weight of the hydrometer in the given conditions. But whether the hydrometer is

open or closed, the mass of air in it only contributes so much to the total weight of

the instrument at the moment. It makes no difference whether the air enclosed in

it forms a greater or less proportion of it.

§ 86. Scheme for Logging the Observations made with the Hydrometer in the

JExperimental Liquid at the Selected Standard Tempei-ature, T.

Line.

a

Symbol. Explanation.

Designation of the hydrometer used.
b W Weight in vacuo of the closed hydrometer ; or of the glass and shot in the case of the open hydrometer.
c Date when the experiment was made.
d Time of commencement of experiment.
e t Initial temperature of liquid.

/o Added weight w in grams :— Scale reading R in millimetres.

/i Wi Ri
h 1^2 1^2

f} W>3 Rg

h ^4 R4
h W5 Rs
f} Wg Re
f) w, R,
U Wg Rg
h Wg Rg
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Scheme for Logging Observations—continued.

Line. Symbol.

.^10

/n

(J

h
i

J
k
1

m
n

P
1

dr

dw
w
R
I'

T
dr
dw

dt

dw

a -s
C

W„,o

Explanation.

Added weight w.'k, in grams :—Scale reading Rjo in millimetres.

Mean increment of immersion produced by the addition of O'l gram to the external load.

Mean added weight.

Mean scale reading.

Final temperature of liquid.

Time when experiment was finished.

Mean of initial and final temperatures.

Difference of mean reading K from 50 mm. (50 -R).
Weight which immerses dr millimetres of stem in the liquid.

ib + chor : Added weight which produces immersion up to 50 mm. at T° C.

= T - T : Departure of mean temperature from the standard temperature.

Weight to be added to compensate the displacing value of dt.

= w + dWi- + dwi : Total mean added weight required to immerse the closed hydrometer in the liquid up to

50 mm. at the standard temperature, T.

Weight of air contained in the open hydrometer, less that of the air displaced by the exposed part of the stem.

= W+''i3;':—Total weight of liquid displaced by closed hydrometer when immersed in it up to 50 mm. at

standard temperature, T.
=W + Avt + a : Total weight of liquid displaced by open hydrometer when immersed in it up to 50 mm. at

standard temperature, T.

Total weight of distilled water displaced by hydrometer when immersed in it up to 50 mm. at standard

temperature, T.

"W + rwt for closed '

hydrometer.
|

W + ,M( + a for open

W^;^ hydrometer.

Specific gravity of the liquid at the standard temperature, T, referred to that of

distilled water at the same temperature as unity.

Numerical Examples in the Case of

(a) Distilled Water at 19'5" C.

(b) 7'0 gram-molecule Solution of Rubidium Chloride.

(«) w {a) (6)

a Hydrometer A. Hydrometer A. 9 10-69 mm. 7 '33 mm.
h 136-11132 grams. 184-67847 grams. h 0'77 gram. 14^75 grams.

c February 10th, 1910. July 3rd, 1911. I 51-39 mm. 51^65 mm.
d 10.15 a.m. 11.15 a.ra. 7 19-50°C. 19-50° C.

e 19-50°C. 19-50° C. k 10.26 a.m. 11.32 a.m.

u '37 grams. 8-5 mm. 14-15 grams. 7-5 mm. I 19-50° C. 19-50° C.

U 0-47 ,, 19-0 „ •25 ,, 14-2 ,, m 1-39 mm. 1 '65 mm.

U 0-57 ,, 30-0 ,,
•35 ,, 212 ,, n 0-0130 gram. 02251 gram.

U 0-67 „ 40-5 ,.
•45 „ 29^0 „ 0^7570 ,, 14-72749 grams.

U 0-77 „ 51-5 ,,
•55 ., 36^7 „ V none none

u 0-87 ,, 62-5 „ •65 ,, 44-1 ,, 9 none none

fn 0-97 ,, 73-0 ,,
•75 ,, 52^2 ,, r 0^7570 gram. 14-72749 grams.

h 1-07 ,, 83-5 ,,
•85 ,, 59^3 ,, s 0-13508 ,, 0-13028 ,,

ft 1-17 „ 94-0 „ •95 ,, 66-8 „ t .1.

f^o
15-05 ,, 74-4 ,, u ... 199-53624 grams.

fv -15 ,, 81-5 ,, V 137-00340 grams. 137-00340 ,,

fu ... 25 ,, 89-1 ,, w ... 1-456433

As ... -35 „ 95-5 ,,

The weight 137 '0034 grams entered in line v includes that of the air contained in

the hydrometer. Its value is obtained in the following manner :

—

As the result of many determinations, of which the example in § 84 is an

instance, the mean added weight necessary to immerse the hydrometer to 50 mm. at

19*50° C. was found to be 075471 gram.

Hence weight of hydrometer and added weight = 136'86603 grams.

Density of distilled water at 19-50° C. - 0-99834.

1 r T -11 1 Til 136*86603
Ihereiore volume oi distilled water displaced =

o-QQft^A
= 137*093 c.c.
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By subtracting from this the volume of glass and shot
(
^ 24*6 c.c. ; see § 83), the

resultant volume, 112'493 c.c, is that of the enclosed air.

(The internal volume of the stem above the 50-mm. division is here disregarded.)

The weight of this volume of air is obtained as follows :

—

Weight of 1 c.c. air under the atmospheric conditions during the

experiments = 0"001208 gram.

AVeight of 112-493 c.c. air = 0-13592 gram.

These numbers give the amount of the air contained in the hydrometer when it

carries an internal load of 95 '6 grams of lead shot. If this load is altered, tlie residual

volume of air experiences a corresponding alteration.

§ 87. Coy^rectionfor the rion-immersed Portion of Stem.—When the hydrometer is

floating at 50 mm. in distilled water, there is a length of stem of 75 mm. in air

—

namely, 50 mm. to the end of the scale, and 25 mm. to the open end of the stem.

By line g of the table in § 86, we see that 10 "6 9 mm. of scale are immersed by 0"1

gram, and 75 mm. are immersed by 0*7 gram, whence the volume of the non-immersed

portion of the stem may be taken as 0"7 c.c.

By the Archimedean principle the non-immersed portion of the stem displacing this

volume of air loses weight equal to that of the air so displaced ; so that, were the air

removed from the surface of the liquid, the hydrometer would sink into the liquid and

the scale reading would be higher. The value of this difference of scale reading is the

weight of air displaced by the non-immersed portion of the stem.

The weight of 0'7 c.c. of air, under the atmospheric conditions quoted above, is

0-00084 gram.

We have then, for the total weight which immerses the hydrometer to the 50-mm.

division :

—

Weight of loaded hydrometer in vacuo =136'11132 grams.

Weight of enclosed volume of air = 0-13592

Added weight to immerse stem to 50 mm. = 0-75471

137-00195

Correction for exposed portion of stem = — 0*00084

Sum= 137-00111

This number represents the weight of distilled water displaced by the hydrometer

up to the 50-mm. division when immersed in it at 19-5° C.

The determination of the weight of any experimental solution displaced by the

hydrometer up to the 50-mm. division is determined in a precisely similar manner. If

any adjustment of the internal load of the hydrometer is made, its volume must be taken

into account in estimating the volume of enclosed air.

§ 88. The degree of accuracy attainable by the use of the hydrometer is best
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170 MR J. Y. BUCHANAN ON THE

illustrated by quoting the results of five series of observations, each series consisting

of eleven independent observations made in a solution of calcium chloride containing

6*3 gram-molecules of OaCl2 in 1000 grams of water. The table includes, by the

method of least squares, the estimation of the probable error ^' of a single observation,

and 7'o that of the arithmetical mean of each series.

It will be seen from the example given in § 86 that we obtain a series of differences

between the consecutive readings corresponding to added weights of 0"1 gram, and,

to take the first case, 0"1 gram immerses 10"50 mm. of stem, an added weight of 0"0095

would be required to immerse 1 "0 mm. of stem.

When a series of readings has been made in the experimental solution with the

hydrometer whose constants are known, the weight of solution displaced to a given scale

division, which is one of the actual readings, is known, and the total weight of the

hydrometer when floating at the same division in distilled water is obtained. With

these data the calculation of the specific gravity of the solution is made.

An example will illustrate this method :
—

Taking the first reading in series No. 1, using hydrometer A :

1st Heading—
4'0 grams added weight immersed 13*9 mm.

Corrected weight of hydrometer =188"53748 grams.

Volume of enclosed air == 108*56 c.c.

Weight of enclosed volume of air = 0*12880 ,,

Added weight = 4*00000 „

192-66578

Correction for exposed stem (weight of 0*9 c.c. air) = — 0*00106

Weight of solution displaced to 13*9 mm. = 192-66472

Weight of distilled water displaced to 13*9 mm.

Corrected weight of hydrometer

Weight of enclosed volume of air

Added weight to immerse 13*0 mm.
•9 mm.

Stem correction (weight of 0*9 c.c. air)

= 136

=

•11132

*13592

136

=

=

•24724

41042

•00837

136

= -0
66603
00110

Weight of distilled water displaced to 1 3 9 mm. = 136*66493

c, .n . 192*66472
Specific gravity =

^gg.^^^gg
= 1 "409760.
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The table in § 90 includes three series obtained with hydrometer A, and two obtained

with hydrometer B. The values of the mean specific gravity (S) furnished by each

series, and its probable error (±^"o), expressed in units of the sixth decimal place, are

collected in the following table :
—

\ Hydrometer.

j

s. ±ro.

A 1-409752 3-1

1-409746 3-5

1-409746 3-6

B 1-409727 4-5

1-409753 6-4

It will be seen that the uncertainty of the means of each series lies entirely in the

sixth decimal place. The mean of the five means tabulated is 1*409744, and its

probable error is ±3 '16 in the sixth decimal place.

§ 89. In order to reap the full benefit of the precision of which the hydrometric

method is capable, the operations must be carried out with attention to every pre-

caution, and the experimental data must be recorded according to strict method.

Scrupulous cleanliness is of the first importance, and the operations must be carried

out with attention to all the precautions usually observed in laboratories from which

exact work is expected to proceed.

It is important that the room in which the observations are made should have a

north light and be entirely under the control of the experimenter, who is its only

occupant. This is essential, because the management of the temperature of the room,

which must be that which the experimenter has found by his own experience to be the

one which maintains the experimental liquid constantly at the selected standard

temperature while the observations are being made, is the most important element of

success and the most diflicult of achievement. The conditions are similar to those

which have to be observed in the room in which gas analysis is made by Bunsen's

original method, only they are rather more stringent. For myself, when I begin

hydrometric observations I always lock the door, a practice which I adopted on board

the Challenge?' and have adhered to ever since.

The conclusion arrived at from the discussion on temperature conditions which

is given in Section IV. on the closed hydrometer applies with equal force in the

use of the open hydrometer. An interesting diff"erence occurs in experiments on

strong solutions, since they have a lower specific heat, which may fall as low as 0*5,

as in the case of most concentrated solutions of CaCl2, so that the thermal mobility

of these solutions is greater, and this condition may be met by allowing a somewhat

increased margin of difierence between air and solution temperature when the

compensating luminous flame is used.
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§ 90. Table of Specijic Gravities calculated from Single Observations made with

Hydrometers A and B when floating hi a Solution of Calcium Chloride con-

taining 6*3 gram-molec\des in 1000 grams of Water.

Hydrometer A.

Added
Weight in

Grams for

Hydro-
meter B.

Hydrometer B.

Added
Weight in

Grams for

Hydro-
meter A.

Series 1. Series 2. Series 3. Series 1. Series 2.

Scale

Reading
in

Milli-

metres.

Specific

Gravity
calculated

from Single

Observa-

tions.

Scale

Reading
in

Milli-

metres.

Specific

Gravity
calculated

from Single

Observa-

tions.

Scale

Reading
in

Milli-

metres.

Specific

Gravity
calculated

from Single

Observa-

tions.

Scale

Reading
in

Milli-

metres.

Specific

Gravity
calculated

from Single

Observa-
tions.

Scale

Reading
in

Milli-

metres.

Specific

Gravity

calculated

from Single

Observa-

tions

4-0

4-1

4-2

4-3

4-4

4-5

4-6

4-7

4-8

4-9

5-0

13-9

21-8

29-6

37-2

44-6

52-2

59-8

67-1

74-7

82-2

89-7

1-409760

735
731

730
744
749
762
776
764
762
761

141
21-7

29-7

37-2

44-9

52-1

59-8

67-2

74-9

82-4

89-9

1-409741

745

722
730
722
765
768
772
750
748
747

14-0

21-5

29-5

37-4

44-8

52-1

60-1

67-5

74-8

82-6

89-7

1-409750

764
741

711

731

765
741

744
760
730
767

2-05

2-15

2-25

2-35

2-45

2-55

2-65

2-75

2-85

2-95

3-05

7-1

15-9

24-5

33-5

42-8

50-8

60-0

67-9

77-8

86-0

94-8

1-409740

732

744
725
683
751

723

725
694
740
739

7-0

15-8

24-7

33-8

42-0

50-9

59-0

68-1

76-9

86-0

94-8

1-409750

742

724

696

760

742

818

790

782

740

739

Mean Specific

Gravity.
§ 1-409752 1-409746 1-409746 1-409727 1-409753

Probable
error, ex-

pressed

in units

of the 6th

decimal
place

of a single

observation

±r.

10-3 11-6 11-9 14-8 20-1

of the arith-

metical

mean +?'q.

31 3-5 3-6 4-5 6-4

The hydrometer A, constructed on the above specification, has proved itself, in use,

to be an excellent model. Its volume, about 137 c.c, is very suitable, being sufficiently

great to secure precision without rendering it necessary to use extravagant quantities

of very soluble salts, which, in the case of costly preparations, might be prohibitive.

It is very steady, and this is principally due to the fact that the ballast is all contained

in the bulb at the lower extremity. The position of the centre of gravity of the

instrument is thus kept very low, and in the spherical bulb the ballast cannot shift.

Section XIII.

—

On the Specific Gravity and Displacement of Solutions of

Salts of the Ennead MR which have nearly the same Molecular

Weight and may be looked on as "Isomeric."

§ 91. There are three such groups of salts in the ennead, namely, KBr and RbCl

;

KI, RbBr, and CsCl ; and Rbl and CsBr. Experiments have been made on strong

solutions of the first group, KBr and RbCl. To these " natural isomers " we have added
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an (artificial) isomer consisting of a mixture which contains KCl and KI in equal mole-

Cl + I
cular proportions, so that it may be represented by the formula K—-

—

'- This mixture

contains 3 TOO per cent, of KCl and 69 "00 per cent. KI.

It was found that at 19'5°C., the temperature used in these experiments,

702'25 grams of this mixture saturated 1000 grams of water. No more could be

dissolved without leaving a residue. This amount was made up of 217*65 grams of

KCl and 484*60 grams KI, representing 2*917 gram-molecules of each salt. From the

tables of solubility of these well-known salts we find that 217*65 grams of KCl

saturate 632*26 grams of water at 19*5° C. ; and if we imagine that this quantity of

water is wholly taken possession of by 217*65 grams of KCl, there remains 367*74

grams of water to accommodate the 484*60 grams KI. But, at 19*5° C, 367*74 grams

of water require 530*28 grams KI to produce saturation. Therefore, though

saturated with the mixture, the 1000 grams of water is not saturated with both the

individual salts.

92. Table giving Results of Specific Gravity Determinatio7is made ujwn Solutions

of Rubidium Chloride, Potassium Salt of mixed Halides, and Potassium

Bromide, of different Concentrations.

m.

1.

W.

2.

S.

3.

rfS

d')n
log A.

.5.

d log A
dm

rfA V
A dm m,

7. 8. 9.

log A„

log Aj - 3

10.

EbCl= 121-0. T= 19-50° C.

7" 1847-000

6 1726000
5 1605-000

4 1484-000

3 1363-000

2 1242-000

1 1121-000

•456464

-406075

•351760

•292983

•229284

159851
-083782

0050389
0054315
0-058777

0-063699
0-069433
0-076069

3-1031672
3-0890324
3-0745755
3-0598410
3-0448789

30297194
3-0146637

0-0141348
0-0144569
0-0147345
0-0149621

0-0151595
0-0150557

1268-140
1227-531

1187-341

1147-733

1108 865
1070-827

1034-341

40-609

40-190

39-608

38 868
38-038

36-486

38-306

37-922

37-468

36-933

36-288

35-413

34-341

7-035

6-072

5-086

4081
3060
2-027

1-000

K^l±^ = 120-35. T= 19-50° C.

1601-75

1481-40

1361-05

1240-70

1120-35

-336904
-280510

•219453

-152989

-080182

0-056394
0-061057

0-066464
0-072807

3-0784945
3-0632893 0-0152052
3-0477089 00155804
3-0318418 0-0158671

3-0158567 0-0159851

1198-104

1156-880
1116-115

1076-073

1037-186

41-224

40-765

40-042

38-887

39-620

39-220

38^705

38036
37-186

4-950

3-991

3-009

2-008

1-000

KBr= 119-1. T= 19-50° C.

1595-500 1-343255
1476-400 1-285584 0-057671
1357-300 1-223113 0-062471
1238-200 M55257 0-067856
1119-100 1^081211 0-074046

3-0747383
3-0601036
3-0452092
3-0301122
3-0149585

1187-786 37-557

0-0146347 1148-428 39-358 37-107

0-0148944 1109-709 38-719 36-569

0-0150970 1071-796 37-913 35-898

0-0151537 1035-043 36-753 35-043

4-996

4-018

3 022
2-013

1-000
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§ 93. Solubility.—The molecular solubility of each of these salts, that is, its solu-

bility expressed in gram-molecules salt per thousand grams of water at 19'5° C, is :

—

Salt. RbCl.
^01 +

1

^ 2 •
KBr.

Molecular weight . .

Gram-molecules in 1000 grams water .

121
7-77

120-35

5-83

119-1

5-7

The discussion will, however, be confined to the relation of solutions of these salts

which contain, per thousand grams of water, 5 or a smaller number of gram-molecules

of salt.

Considering the change of specific gravity over a range of concentration varying

from 5 to 1 gram-molecules per thousand grams of water, that of rubidium chloride

varies from i-351760 to r083782, that of the potassium salt of the mixed halides

from 1-336904 to 1-080182, and that of potassium bromide from 1-343255 to

1*081211. Although potassium bromide has the lowest molecular weight, there is a

closer agreement in the specific gravity of the solutions of this salt with those of

rubidium chloride than with those of the potassium salt of the mixed halides. At the

same time the nature of the change of values with change in concentration of solution,

as indicated by the numbers representing the difi'erences of consecutive specific gravities

given in the column d^/dm of the tables, shows that in this respect the potassium salts

exhibit a closer relationship among themselves than either of them does with rubidium

chloride. Also the nature of the decrease in this value with increasing concentration

seems to indicate the fact that the increase in specific gravity becomes more nearly

proportional to the increase in concentration in the strongest solutions.

It will be observed that the actual weight of each salt per thousand grams of

water in each solution is slightly diff'erent, and if the specific nature of the salts were

the same in each of these solutions, and the masses of them present in the solution

were equal, as their molecular weights would in that case be, the specific gravities of

these solutions and the constants derived from them would be dift'erent from those in

table § 92.

§ 94. For comparison in this sense the specific gravities have been adjusted to the

value which they would have if their gram-molecules had the uniform weight 121,

which is the actual molecular weight of the heaviest of the three, namely, rubidium

chloride.

The following table gives the specific gravities adjusted in this sense :—
1

Multiples of 121 grams of Salt per 1000 grams Water

.

5. 4.

1-351760 1-292983

1-338724 1-282025

1-3487311 1-290140
1

3. 2, 1.

Observed specilic gravities for solutions of RbCl .

Oalculated „ „ „ K „

» » .. >, K:Br .

1-229284

1-220131

1-226672

1-159851

1-153815

1-157734

1-083782

1-080575

1-082507
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It will be observed that the adjustment of the molecular weight does not materially

aflfect the relations of the solutions as regards their specific gravities.

Returning to the consideration of the data obtained from the original experiments,

the comparison of the displacements for the same concentrations in the case of solutions

of each of the three salts shows a close agreement to exist between the values for

rubidium chloride (which are lower in each case) and potassium bromide, while the

values for the potassium salts of the mixed halides stand quite apart and are much

higher than the corresponding values for the other two salts.

If we compare the differences of displacements of equivalent solutions of RbCl and

KBr for m = 5, thenARbci- Akbi = 0'445, and for m=l it is 0'702. The differences

of displacements between corresponding solutions of KCl + I
and KBr are, for m = 5,

Ag.ci+1- AKBr= 10-318, and form= 1, A^ci+i- AKBr = 2-143.

The molecular displacement of each of these salts in crystal, as given in

.01 + 1

127, is

RbCl = 44-710, K^ 46-406, KBr = 44-460,

and if the sum of the displacements of the constituent materials forming the solution,

i.e. 1 gram-molecule and 1000 grams of water, are compared with the displacement of

the solution obtained from the constituents, the following results are arrived at :

—

RbCl.
2

KBr.

Sum of displacement of constituents

Displacement of solution

Difference

1044-710

1034-341

1046-406

1037-186
1044-460

1035-043

10-369 9-220 9-417

Here, with regard to the change in displacement when solution is effected, the

potassium salts are quite comparable, while the rubidium chloride shows a much greater

change, although in the case of values for the sum of the displacements of the con-

stituents, rubidium chloride and potassium bromide are the more comparable.

§ 95. Difference of Displacement, dA.—c?A gives the increment of displacement

of a mass of 1000 grams of water produced by successive additions of 1 gram-molecule

of salt to that already in solution.

The values of v/m represent the mean increment of displacement of 1000 grams of

water per gram-molecule of salt when w gram-molecules have been dissolved in it.

The values of dA from 1 to 4 gram-molecules for each salt show that, with the

exception of that for the 1 gram-molecule, they are lowest in the case of potassium

bromide, and the values for corresponding concentrations of rubidium chloride very

closely approximate to them, while those for the potassium salt of the mixed halides

show a considerable divergence.
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Thus the value of d^ for a 4 gram- molecule solution of potassium bromide,

which is 39'358, diminishes to 36"753 for the 1 gram-molecule solution, while that

for rubidium chloride diminishes from 39'608 to 36*486 for the same range of con-

centration, and for the potassium salt of the mixed halides the two values are 41 '224

and 38-887.

If we express these pairs of values as ratios, the following values are obtained :

—

RbCl. K^l+i. KBr.
2

Actual values = 39-358: 36-753 41-224 : 38-887 39-608:36-486

Ratio = 1:0-9212 1:0-9433 1:0-9338

While, therefore, the values of (iA closely approximate in the case of rubidium

chloride and potassium bromide, yet the ratios given above show that the rate of

decrease in the value of d^ for potassium bromide lies between those for the other

salts, but closer to that for the potassium salt of the mixed halides.

An inspection of the values of vjm shows that all the values for RbCl are lower

than the corresponding values for the other two salts, although the values for potassium

bromide approach very close to them, while those for the potassium salt of the mixed

halides are much higher.

The values of vjm for the 5 and 1 gram-molecule concentrations for each of the

salts are 37-468 and 34-341 for rubidium chloride, 37-557 and 35-043 for potassium

bromide, and 39-620 and 37-186 for the potassium salt of the mixed halides; and

expressed as ratios, as in the case of the values for c?A, we have for

RbCl.
2

KBr.

Actual values = 37-468 : 34-341 37-557:35-043 39-620:37-186

Ratio = 1 : 0-9165 1 : 0-9386 1 : 0-9331

Here, the similarity of the ratios for the potassium salt of the mixed halides and

potassium bromide shows a similar rate of decrease of this value vjm for these two salts,

while that for rubidium chloride shows a considerable departure from either of them.

The agreements which exist, when the values ^— and — for the three salts are
dm m

compared, seem to indicate that the molecules of rubidium chloride and potassium

bromide exert almost equal effects in the displacement of solution, but the nature of

change of displacement with change of concentration shows that the potassium salts

are more allied in this respect.

§ 96. The Displacement of Solutions of the Potassium Salt of the Mixed Halides

when considered in reference to the Displacement of Solutions of the Constituent

Salts.—The following table gives full data relating to the displacement, difference of

displacement, and mean increment of displacement of solutions of different concentra-

tions of potassium chloride, potassium salts of the mixed halides, and potassium iodide.

The experiments were made with the open hydrometers A and B (see § 82) at

the constant temperature 19-50° C.
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Concen- KCl.
gCl-fl

2
KI.

tration

in grain-

raolecules Displace-
Difference

of Dis-

Mean Incre-

ment of
Displace-

Difference

of Dis-

Mean Incre-

ment of
Displace-

Difference

of Dis-

Mean Incre-

ment of
per 1000
grams of

ment.
placement. Displacement.

ment.
placement.

dA
Displacement.

V

placement.
d£.

Displacement.
V

Water. A.
dm m

A.
dm. m

A.
dm m

5 1198-104 39-620 1240-334 48-067

4 1123-005 30-751 1156-880 41-224 39-220 1190-788 49-546 47-697

3 1090-533 32-472 30-178 1116-115 40-765 38-705 1141-787 49-001 47-262

2 1059-617 30-916 29-808 1076-073 40-042 38-036 1093-384 48-403 46-692

1 1028-904 30-713 28-904 1037186 38-887 37-186 1046-189 47195 46-189

1/2 1014-001 29-806 28-002 1018-343 36-308 36-686 1022-778 46-822 45-556

The composite salt was prepared by mixing the component salts KCl and KI in

the proportion of their molecular weights, 74*6 : 166"1, so that 1 gram-molecule of

the salt, which weighs 120 '35 grams, would contain ^ gram-molecule of each of the

salts, namely 37'3 grams of KCl and 83'05 grams of KI. When 1 gram-molecule

of this salt is dissolved in 1000 grams of water, the displacement of the resultant

solution may be compared with the mean of the displacements of the solutions

KCl + 1000 grams of water and KI -|- 1000 grams of water.

The following table gives the results of such a comparison :

—

§ 97. Table of Values of Displacements of Solutions of Potassium Salts of the

Mixed Halides which have been obtained—
A, by experiment.

B, calculated by the method detailed above.

B— A, the difference of calculated and observed results.

Concentration in

gram-molecules per

1000 grams Water.
m.

A. B, B-A.

5

4

3

2

1

1/2

1/4

1/8

1/16

1/32

1/64

1/128

1/256

1/512

1198-104
1156-880

1116-115

1076073
1037-186

1018-343

1009-071

1004-474
1002-213

1001-122

1000-535
1000-262

1000-117

1000-044

1156-896

1116-160

1076-500
1037-546

1018-389

1009-090
1004-495

1002-228

1001-118

1000-559

1000-282

1000-133

1000-076

0-016

0-045

0-427

0-360

0-046

0-019

0-021

0-015

-0-004
0-024

0-020

0-016

0-032

This table shows that, with the possible exception of the 1/32 gram-moleeule

solution, the mixture of wKCl-f 1000 grams of water and mKI-|- 1000 grams of water

is accompanied by contraction.
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Section XIV.

—

The Specific Gravity and the Displacement of Solutions

OF THE Chlorides of Beryllium, Magnesium, and Calcium.

§ 98. For the purpose of determiniDg these constants, hydrometric observations

were made on solutions of the three salts the concentrations of which ranged from 1/2 to

1/1024 gram-molecule per thousand grams of water, the experiments being made with

the closed hydrometers Nos. 3 and 17. Experiments were also made on strong solutions

of calcium chloride and magnesium chloride, using the open hydrometers A and B
;

the concentrations of these solutions varied from 1 gram-molecule per thousand grams

of water to the highest attainable degree of supersaturation. It was when the experi-

ments on a supersaturated solution of calcium chloride were in progress that the

observations were made which revealed the remarkable state of unrest in that solution

which preceded its partition into crystals and mother-liquor with liberation of heat.

The details of this experiment are given in Section XV., and from them it will be

seen that the range of supersaturation which can be explored hydrometrically when the

salt in solution is chloride of calcium is considerable. The solution of magnesium

chloride which is saturated at 19"5°C. contains 5*918 gram-molecules (564*123 grams)

of MgClg in 1000 grams of water. A supersaturated solution, containing 5*982 gram-

molecules of salt per thousand grams of water was cooled to 16'5° C, at which tempera-

ture the saturated solution contains 5*853 MgClg per thousand grams of water; yet,

with this small degree of supersaturation, the slightest disturbance, such as lifting the

beaker, induced crystallisation in the solution. This shows that the limits of super-

saturation are restricted, and that it would certainly be discharged by an attempt to

make hydrometric observations in the solution.

This difference in the behaviour of the supersaturated solutions of these two salts is

interesting. On the one hand we have the calcium chloride, which produces a high

degree of supersaturation with great absorption of heat, and offers great resistance to

crystallisation ; while magnesium chloride can produce solutions attaining only to a

moderate degree of supersaturation with very moderate absorption of heat, and the salt

crystallises from such solutions on the slightest provocation. With a view to a com-

parison with the thermal behaviour of chloride of calcium, some observations were made

on the heat of solution of magnesium chloride in water, while experiments were being

made to determine the concentration of solutions saturated with the salt at different

temperatures. It was found that when the quantities of the crystallised salt

MgClgjBHgO and water used were such as to produce a solution the concentration of

which was about 2*0 gram-molecules of MgClg per thousand grams of water, the

dissolution of the salt was accompanied by an appreciable liberation of heat. When

the conditions of the experiment were such that a saturated solution was formed, some

of the crystals remaining undissolved, the dissolution of the salt was accompanied by

absorption of heat. When the saturated solution was produced by fractions, it was

observed that during the dissolution of the first fraction the thermometer indicated a
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99. Table giving Specific Gravity Values obtainedfrom Experiments made upon

Solutions of the Chlorides of Beryllium, Magnesium, and Calcium.

cZlog A
dm

V logA™-3_^
TO. W. S. log A. A. rfA.

in log Aj - 3
x-m.

1. 2. 3. 4. 5. 6. 7. 8. 9. 10.

BERYLLIUM CHLORIDE = BeCl2= 80-00. T= 19-50°C.

1/2 1040-0000 1-025620 3-0060468 1014-0208 28-04

1

X
2-000

m X
0-000

]/4 1020-0000
1
1-013055 3-00-29671 0-0123188 1006-8555 7-1653 27-42 4-076 -0 076

1/8 1010-0000 1-006599 3-0014648 0-0120181 1003-3785 3-4770 27-03 8-256 -0-256

1/16 1005-0000 1-003347 3-0007149 0-0119995 1001-6745 1-7310 26-37 16-916 -0-916

1/32 1002-5000 1-001587 3-0003957 0-0102144 1000-9115 0-7360 29-17 30-562 + 1-438

1/64 1001-2500 1-000742 3-0002204 0-0112192 1000-5076 0-4039 32-49 54-870 + 9-130

1/128 1000-6250 1-000325 3-0001302 0-0115430 1000-2999 0-2077 38-39 92-872 + 35-128

1/256 1000-3125 1-000083 3-000i;996 0-0078259 1000-2295 0-0704 58-75 121-362 + 134-638

1/512 10001562 0-999957 3-0000865 0-0067225 1000-1992 0-0303 101-99 139-778 + 372-222

1/1024 10000781 0-999906 3-0000747 0-0120832 1 1000-1720 0-0272 176-13 166-854 + 862-146

M A.GNESIUM (CHLORIDE = MgCl2=95- 32. T = 19-50° C.

5-9820 1570-2050 1-338895 3-0692097 1172-7345 28-87
X
7-538

X-m
1-556

5-918-2 1564 1230 1 336101 30684316 0-0121959 1171-6623 2-0722 28-84 7-453 1-535
5-5 1524-2600 1-317763 3-0632219 0-0124574 1156-7032 13-9591 28-49 6-886 1 -386

50 1476-6000 l-29o011 3 0569894 0-0124650 1140-2220 16-4812 28 04 6-207 1-207
4-0 1381-2800 l-246tJ66 3-0445317 0-0124577 1107-9793 32 2427 26-99 4-850 0-850

30 1285-t)600 1-193986 3-0322282 0-0123035 1077-0310 30-9483 25-68 3-510 0-510
2-0 1190-6400 1-136425 3-0202398 0-0119884 1047-7070 29-3240 23-85 2-204 0-204
1-0 1095-3200 1-072407 3-0091814 0-0110584 1021-3660 26 3410 21-37 1000

1

0-000

1 1

1/2 1047-6600 1-037385 3-0042803 0-0098020 1009-9047 11-4613 19-81
X
2-145

m X
- 0-145

1/4 1023-8300 1-019096 3-0i)201:>7 0-0090705 1004 6453 5-2594 18-58 4-562 -0 562

1/8 1011-9150 1-009675 3-0009624 0-0084024 1002-2185 2-4268 17-75 11-982 -3-982

1/16 1005-9575 1004f593 3-0004598 -0080422 1001-0593 1-1592 16-95 19-968 -3-968
1/32 1002-9787 1-002461 3 0002242 0-0075385 1000-5164 0-5429 16-52 40-948 -8-948

1/64 1001-4893 1-001244 3-0001063 0-0075411 1000-2450 0-2714 15-68 86-299 -22-299
1/128 1"00 7446 1-000639 3-0000458 0-0077516 1000-1055 0-1395 13-50 200-336 -72-o36
1/256 1000-37-23 1-000299 3 0000318 0-0035865 1000-0732 0-0323 18-74 288-542 -36-542
1/512 1000-1861 1-000172 3-0000065 0-0129587 1000-0150 0-0582 7-68 1410-353 -898-353
1/1024 1000-0930 1-000082 3-0000047 0-0017715 1000-0110 0-0040 11-26 1920-795 -896-795

CALCIUM CHLORIDE= Ca "12 = 111-00. T = 19-50 'C.

6-627 1735-620 1-424183 3-0858888 1218-6775 33-00
X
8-279

x-m
1-652

6-613 1734 043 1-423500 3-0857023 0-0133214 1218 1540 0-5233 32-99 8-261 1-648
6-6 1732-600 1-422871 3-0855327 0-0130461 1217-6787 0-4753 32-98 8-245 1-645
6-5 1721-500 1-418572 3-0840556 0-0147710 1213-5441 4-1346 32-85 8-102 1-602
6-4 1710-400 1-414247 3-0825725 0-0148310 1209-4069 4-1372 32-72 7-959 1 559
6-3 1699-300 1-409741 3-0811308 0-0144170 1205-39S8 4-0081 32-60 7-820 1-520
6-2 1688 200 1-405270 3-0796641 0-0146670 1201-3349 4-0639 32 47 7-697 1-497
6-1 1677-100 1-400460 3-0782883 0-0137580 1197-5352 3-7997 32-38 7-546 1-446
6-0 1666-000 1-395919 3-0768148 00147350 1193-4791 4-0561 32-24 7-421 1-421
5-0 1555-000 1-342951 3-0636673 0-0131475 1157-8899 35-5892 31-58 6-165 1-165
4-0 1444-000 1-284536 3-0508210 0-0128463 1124-1413 33-7486 31-03 4-899 0-899
3-0 1333-000 1-227685 3-0357431 0-0150779 1085-7832 38-3581 28-59 3-445 0-445
2-0 1222-000 1-160139 3-0225612 0-0131819 1053-3221 32-4611 26-66 2-175 0-175
1-0 1111-000 1-084776 3-0103741 0-0121871 1024-1745 29-1476 24-17 1000

1

0-000

1^ 1

1/2 1055-5000 1-043739 3-0048663 0-0110155 1011-2681 12-9064 22-54
X
2-132

m X
-0-132

1/4 1027-7500 1-022253 3-0023290 0-0101489 1005-3773 5-8908 21-50 4-454 -0-454
1/8 1013-8750 1-011231 3-0011340 0-0095604 1002-6146 2-7627 20-92 9-148 -1-148
1/16 1006-9375 1-005660 3-0005513 ' 0-0093233 1001-2703 1-3443 20-32 18-817 -2-817
1/32 1003-4687 1-002763 3-0003055

1
0-0078656 1000-7037 0-5666 22-52 33-954 -1-954

1/64 1001-7343 1-001423 3-0001349
! 0-0109145 1000-3109 0-3928 19-90 76-851 -12-851

1/128 1000-8672 1-000729 3-0000599 0-0096038 1000-1380 0-1729 17-66 173-017 -45-017
1/256 1000-4336 1-000378 3-0000241 0-0091699 1000-0556 0-0824 14-23 429-747 -163-747
1/512 1000-2168 1-000179 3-0000163 0039680 1000-0378 0-0178 19-35 632-953 -120-953
1/1024 1000-1084 1-000093 3-0000066 0-0099430 1000-0154 0-0224 15-77 1553-009 -629-009



180 MR J. Y. BUCHANAN ON THE

rise of temperature. On adding further fractions of salt this ceased, the thermal effect

was reversed, and when saturation had been effected the temperature of the solution

had fallen below the initial temperature of the water used.

No experiments have been made on solutions of beryllium chloride of greater con-

centration than 1/2 gram-molecule per thousand grams of water.

The preceding table contains all the experimental results and the deductions there-

from. The form and the symbols used have been already explained.

§ 100. Before discussing the data of the tables, attention must be directed to the

distinctive characters of the three salts. While the bases BeO, MgO, and CaO give an

alkaline reaction with litmus paper, the chlorides of magnesium and of calcium are

neutral, while that of beryllium is acid. In order to obtain, if possible, a neutral

solution of BeClg, the method adopted was to proceed by way of the sulphate and

double decomposition with chloride of barium. A solution of pure crystallised sulphate

of beryllium, containing exactly 1 gram-molecule of BeSO^ in 1000 grams of water,

was made, and with it was mixed a quantity of a solution of barium chloride containing

exactly 1 gram-molecule of BaClg in 1000 grams of water. The barium sulphate was

precipitated completely, and the supernatant liquid contained exactly 1 gram-molecule

of BeClg in 2000 grams of water, or, at the rate of 1/2 BeCla in 1000 grams of water.

This solution, which still had an acid reaction, was used for the preparation of the less

concentrated ones by exact dilution. It is impossible to produce solutions in this

way for which m>l/2, on account of the bulk of the barium sulphate produced.

Solutions of the highest attainable degree of concentration were prepared in the case of

magnesium chloride and calcium chloride, the concentration being determined by the

usual chemical methods, and the solutions of a lesser degree of concentration were

prepared from these.

In all cases the solutions were prepared by diluting the more concentrated solution

immediately preceding it, a method capable of a high degree of precision, which is

shown by the fact that, after the experiments on strong solutions of MgCl.2 were com-

pleted, a single determination of the concentration of the 1 gram-molecule solution of

MgClz gave a result of 0'9991 gram-molecule of salt in 1000 grams of water. The

result was obtained by a determination of the chlorine content.

Chlorine found ....... 662 per cent.

,, calculated ...... 6"63 „

Diff. 0-01

The specific gravity experiments were carried out by the use of the open hydro-

meters A and B in the case of strong solutions of the salts, magnesium chloride and

calcium chloride ; and by the use of the closed hydrometers Nos. 3 and 17 in the case

of the solutions of each of the three salts where the concentrations were less than I'O

gram-molecule of salt in 1000 grams of water.

The constant experimental temperature was 19 "50° C.
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Concentration of the Solutions (m).—The highest concentrations were those of

slightly supersaturated solutions in the case of magnesium and calcium chlorides. The

solution of magnesium chloride which is saturated at 19 '50° C. contains 5 "91 82 gram-

molecules of salt in 1000 grams of water, and is the second of the series of strong

solutions of this salt. The solution containing 5*5 gram-molecules of salt was prepared

from this solution, and then solutions were experimented on having a common difference

of 1 gram-molecule, and ranging from 5'0 to TO gram-molecule.

The 6 '6 27 gram-molecule solution of calcium chloride is supersaturated, and the

6 "6 13 gram-molecule forms a solution which is saturated with CaClg at 19 "50° C. This

solution is of interest as being the mother-liquor obtained after crystallisation from the

solution which showed the condition of unrest described in Section XV. The experi-

ments on this solution were made at a much earlier date than the others included

in this table, but the results are included here in order to give a complete list of the

experiments made.

As will be seen, the solutions for which w = 6'6 to 6-0 decrease regularly in

concentration by 0*1 gram-molecule. They were made in order to trace the changes of

displacement due to small changes of concentration in nearly saturated solutions. For

m = 6'0 to 1"0 gram-molecules the common difference of concentration of consecutive

solutions is 1 "0 gram-molecule.

Discussion of Results. Specific G7'cwity.—With regard to the agreement of

the individual results among themselves for a particular series, the analysis of the

specific gravity results in the case of the calcium chloride solution containing 6*3 gram-

molecules of salt in 1000 grams of water (see § 90) affords a fair criterion, and the

usual number of series of observations made for each concentration was six, three with

each hydrometer. In all the experiments the results of which are included in these

tables, the temperature of the solution remained constant at 19 "50° C. Comparing the

specific gravities of solutions of the three salts, having the same molecular concentration,

and m being less than 1 "0, the values in all cases increase with increasing molecular

weight. Thus, for m=l/2 the specific gravities of the solutions rise from 1*025620 for

BeClg to 1-037385 for MgClg and to 1-043739 for CaCl2, and the same feature is

observed in comparing the values for all concentrations down to w = 1/1024.

It is interesting to compare the increments of specific gravity (S— 1), (which for

this purpose are conveniently multiplied by 1000), of the solutions with the molecular

weights of the salts dissolved in them. We have them in the following table, for

solutions for which m = l/2 :

—

MR = BeCl.^. MgCIa. CaCls.

1/2 MR = 40 47-66 55-5

1000 (S-1) = 25-620 37-385 43739

^T^f.7.^^ = 0-640 0-784 0-784
1/2 MR

When w = l/16 and 1/128 we have the following values :

—
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MR = BeClj. MgClo. CaClg.

-

^^,^,?i^.'^
- = 0-669 0-821 0-815

1/16 MR
^??^ ^^,~t!^ = 0-520 0-858 0-841
1/128 MR

From this table we see that the increment of specific gravity produced by dissolving

1/2 ME. in 1000 grams of water is exactly proportional to the molecular weight of the

salts in the case of MgClg and CaCla, and that this proportionality is maintained for

values of ??i=:l/16 and 1/128. In the case of BeClg, however, the proportionality

fails.

It will he remarked that the specific gravities of the solutions of beryllium chloride

for which m = 1/512 and 1/1024 fall below unity, and the values are quite authentic. It

follows that the displacements of these two solutions must be greater than the sum of

the displacements of the salt and the water which they respectively contain. A
similar feature is observed in the saturated solutions of caesium salts, § 127,

Table III.

Comparing the values of c?S for concentrations greater than 1/2 gram-molecule, they

diminish from 0'064018 for MgCL at TO gram-molecule concentration to 0'048345 at

4*0 gram-molecules, while in the case of CaCla the values are 0"075363 at I'O gram-

molecule, and 0'058415 at 4*0 gram-molecules concentration.

The variation in the values of c?S for solutions of CaClg between m = 6*0 and 'm= 6'6

does not exhibit itself in a regular decrease but an oscillatory one, for the value at m = G'O

is 0-004541, rising to 0-004810 at w = 6-1, with a fall to 0-004471 at m = 6-2, rising

slightly again at m = 6'3 to 0-004506, then decreasing to 0-004325 at tn = 6-4 and to

0*004299 atrn = 6-5, the general tendency being to decrease in value with increasing

concentration.

5 101. Values of -^— and — .—-The features of the displacement of the solutions are
dm m

best exhibited by discussing the values of -j— and — . The values of ,— are obtained
dm m dm

from columns 7 and 1.

The solutions of the salts with concentrations less than 1 gram-molecule give values

dA
for -^— which are highest in the case of beryllium chloride, while those of magnesium

Ctith

chloride are lowest, those of calcium chloride being intermediate.o

dA
The value of -^— for beryllium chloride solution when m=l/2 is 28-66, and this

decreases to 23-55 when m=l/32, rising to 26-58 at m= 1/128. There are two low

values, namely, 18-02 and 15-51 at m— 1/256 and 1/512 respectively, with a value of

27-85 at m= 1/1024.

In the case of magnesium chloride the value of -j— at m = 1/2 is 2292, and the

value decreases with succeeding concentrations to the value 17-37 at m= 1/32, which
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is also the value at w= 1/64. There is a slight rise to the value 17-86 at m= 1/128,

and a sudden fall to 8*27 atm= 1/256, with an equally sudden rise to 29-80 at m= 1/512.

The value at m= 1/1024 is 4-10.

In the case of calcium chloride there is a steady decrease from the value of 25*81 at

The value

1/512. The

w=l/2 for %— to 8-13 where m=l/32, with a rise to 25-14 at m=l/64.
dm

decreases to 2TO 9 at m= 1/256, where there is a sudden fall to 9-11 at m =

value at w= 1/1024 is 2294.

The values for v/in for concentrations below m = 1 are on arithmetical grounds more

dA
regular in all three cases than the corresponding values for -^. The value for

beryllium chloride at m=l/2 is 28-04, and this value decreases regularly to 26-37 at

m= 1/16, where there is a rise to 38-39 at m= 1/128, after which the rate of increase is

greatly augmented, and reaches a value of 176'13 at m= 1/1024.

The value oi v/m for magnesium chloride at to = 1/2 is 19-81, decreasing to a value

of 13-50 at m= 1/128, and rises to 18-74 at m= 1/256, with a sudden fall to 7-68 at

771=1/512, rising to 11-26 at w= 1/1024.

Calcium chloride shows the least tendency to sudden variations in the values of

v/m, since the maximum amplitude is between 22*54 and 14*23 at m=l/2 and

m= 1/256 respectively. With the exception of the value 22'52 at m = 1/32, there is a

fairly regular decrease between the two values quoted above, the rate of decrease taking

place in two phases, the rate being greater between m= 1/32 and 1/256 than between

m= 1/2 and 1/32.

There is a rise to a value of 19*35 at m= 1/512, and this decreases to 15*77 at

w= 1/1024.

It is seen that the value of v/m at m = 1/2 is highest in the case of beryllium

chloride and lowest in the case of magnesium chloride, while that of calcium chloride

more nearly approaches that of magnesium chloride. The rise in the value of v/m for

calcium chloride, where m=l/2, over that of magnesium chloride is almost exactly

proportional to the rise in molecular weight.

§ 102. The values of [dA — v) have been treated in the way fully set forth in

Section VIII. for the solutions of the salts of the enneads MR and MRO3. It is tliere-

fore sufficient to give here a table of the values of (dA — v) in the case of solutions of

wBeCl2, rnMgCl^, and ?nCaCl2 in 1000 grams of water, for which ot<1.

MR

BeCl2
MgCl^
CaCl,

1/2. 1/4. 1/8. 1/16. 1/32. 1/64. 1/128. 1/256. 1/512. 1/1024.

Values of {dA -v).

1-557

1-638

0-310 0-098 0-056 -0-175 -0-104 -0092 -0-159 -0-169
0-614 0-208 0-100 0-026 0-026 0-034 -0-041 0-043
0-413 0-148 0-074 -0-137 0-082 0-035 0-027 -0-020

-0-145
-0-007
0-007
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A very remarkable feature exhibited by this table is the pronounced expansion

which accompanies the dilution of solutions of beryllium chloride for which m<l/16.

§ 103. In columns 5, 9, and 10 of the tables, § 99, we have the data forjudging

the degree of conformity of the displacements of the solutions of these salts with

the laws of the two hypotheses, Section VII. They do not agree at all with the

arithmetic law of the first hypothesis, and their departure from the logarithmic law of

the second hypothesis is considerable, as may be seen in the columns headed (x — m)

and (llm—l/x). Thus, in the strong solutions of MgClg and CaCls, taking the ex-

ponent for m = 1 as unity, we see that the exponents for the solutions of higher

concentrations increase more rapidly than the corresponding concentration factors m,

but for both strong and weak solutions x^m. Considering the solutions of BeClg, we

see that the values of {l/m— '[/a)) change sign for a value of m lying between 1/16

and 1/32. The behaviour of the solutions of BeClj is, in this respect, quite remarkable.

If column 6 be referred to, it will be seen that for

1/128.

0-2999

1/256.

0-2295

1/512.

0-1992

1/1024.

0-1720A - 1000 =

so that for these very different concentrations the displacements are very nearly the

same. This depends on the remarkably low specific gravities of these solutions, which

was commented on in § 100.

In the following table, which is constructed on the same scheme as Table VIII., § 45,

the solutions of each salt are taken in successive pairs. The numbers in it represent

the values -^—-

log A
2

A^ is taken as unity

of x should be 2.

= x, or the exponent of the displacement A^ when the exponent of

If the solutions conformed to the logarithmic law, the value

Table giving the Values of ^ '" for the three Salts, Beryllium Chloride,

Magnesium Chloride, and Calcium Chloride.

m. 6-0. 4-0. 2-0. 1-0. 1/2. 1/4. 1/8. 1/16. 1/32. 1/64. 1/128. 1/256. 1/512.

BeClj

MgClg
CaClj

2-154

2-149

2-200

2-253

2-204

2-175

2-145

2-132

2-038

2-127

2-089

2025
2-091

2-054

2-049

2-093

2-057

1-807

2 051
1-804

1-795

2-107

2-263

1-692

2-321

2-251

1-307

1-440

2-484

1-152

4-888

1-473

1-158

1-362

2-454

Here again the radical changes which take place in the properties of the solutions

when the values of m fall below 1/16 are apparent, and particularly so in the case of

the solutions of BeCL.
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Section XV.

—

On a Remarkable State of Unrest in a Supersaturated

Solution of Calcium Chloride before Crystallising.

§ 104. The primary purpose for which the open hydrometer was designed was to

investigate the specific gravity and the displacement of solutions having concentra-

tions in the neighbourhood of that of saturation. In § 90 we have seen the satisfactory

result of experiments made for this purpose with solutions of chloride of calcium

containing 6-3 grm.-mols. CaCla per 1000 grams of water. Experiments in the same

direction were made with solutions of chloride of calcium of still higher concentration.

A parent solution was made, which, on the basis of published data relative to the

solubility of the salt, should be supersaturated at 19 "5° C. With it, it was intended to

produce the solution saturated at this temperature, and to study its specific gravity

and that of solutions formed by diluting it with small quantities of water.

As the solution showed no inclination to crystallise, although every opportunity was

offered to it to do so, it seemed to me to be an example of a supersaturated solution

peculiarly adapted to closer study.

Its composition was determined, and it was found to contain 7 '225 grm.-mols. of

chloride of calcium dissolved in 1 000 grams of water. Its specific gravity was determined

with the hydrometer exactly as if it had been a non-saturated solution. Two hydro-

meters were used for this purpose. They are designated A and B respectively. That

designated A is the hydrometer whose constants have been set out in detail in

Section XL The hydrometers were made at different dates and on different specifica-

tions, though possessing the same general characteristics.

In Table I. are given the constants of both these instruments when loaded so as to

float with small added weight, (a) in distilled water, and (h) in a supersaturated solution

of calcium chloride, respectively. The entries opposite " weight of glass " and " weight

of lead shot " in these tables are the approximate weights in air of these substances,

which are required for the estimation of the corresponding volumes. The entries

opposite "weight of the loaded hydrometer" are the exact weights, as in vacuo, of the

glass -f- lead forming part of each instrument. To each of these weights has to be

added that of the air contained in the instrument. The external volume of the

hydrometer is independent of the internal load which it carries. It is entered only in

(a), line 6. The " internal space occupied by air" is arrived at by subtracting the sum

of the volumes of glass and of lead from the external volume of each hydrometer

respectively. The mass of the air which fills this space depends not only on the

volume of that space, but also on the density of the air which forms the atmosphere of

the laboratory at the time of the experiment.

trans. ROY. see. EDIN., VOL. XLIX., PART I. (NO. 1). 24
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Table I.

Constants of Hydrometers A and B when loaded so as to Jloat with small

added Weight,

(a) In Distilled Water, and

(b) In a Supersaturated Solution of Calcium Chloride.

(a) Distilled Water. Hydrometer A, Hydrometer B.

Weight of glass ......... grams
Volume ,, ......... c.c.

Weight of lead shot used for internal load .... grams
Volume „ ,, „ .... c.c.

Weight of the loaded hydrometer as in vacuo . . . grams
External volume of hydrometer . . . . . .c.c.
Internal space occupied by air . . . . . c.c.

Volume of stem from zero scale division to the top of the stem c.c.

40-5

16-2

95 6
8-4

136-1113

137-09

112-49

1-2

38-11

15-24

78-00

6-87

115-1026

118-09

95-98

1-0

(b) SUPERSATDRATED CaLCIUM ChLORIDE SOLUTION.

Weight of glass ......... grams
Volume ........... c.c.

Weight of lead shot used for internal load .... grams
Volume ,, „ ,, ... c.c.

Weight of the loaded hydrometer as in vacuo . . . grams
Internal space occupied by air . . . . . . c.c.

40-5

16-2

148-3

13-1

188-8312

107-79

38-11

15-24

125-4

11-05

163-5755

91-80

The use of these constants in arriving at the volume of air enclosed in the hydro-

meter, and in the reduction of the weight of the hydrometer in air to its value in vacuo,

has been described in Section XI.

A little consideration and experience enables the experimenter to adjust the internal

load so that the greatest possible range of specific gravity may be covered without

altering it. The inferior limit of this range corresponds to a solution of such density

that the hydrometer floats in it, immersed up to the highest division in the scale, with-

out the addition of any external weight. The superior limit of the range corresponds

to a solution of such density that the external weight to be added in order to immerse

it to the lowest division on the scale begins to endanger the stability of the hydrometer

as a floating body.

§ 105. Experiments and Observations with Hydrometers A and B.—The first

set of determinations of the specific gravity of the supersaturated solution (7 "225

CaCl2+ 1000 grams of water) was made on 11th May 1910 in one of the smaller rooms

of the Davy-Faraday Laboratory. The room has a northerly exposure, which is

essential, and in other respects it is well suited for this class of investigation (§ 24).

A series of observations had been made with each hydrometer, and further observa-

tions were proceeding, when it was noticed that discrepancies between successive
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readings and corresponding ones in the earlier experiments made with the same added

weights were occurring, and that these were far greater than any which could be attri-

buted to errors of observation.

They persisted while four series of observations were made—two sets with each

hydrometer—and were so great that in the fifth series of observations it was necessary

to reduce the initial added weight in order that the complete series of observations

might be made.

Throughout each series of experiments the temperature of the solution remained

absolutely constant at 19*50° C. After the removal of hydrometer A from the experi-

mental solution, on the completion of the fifth series of observations, the solution was

stirred carefully with the standard thermometer, and its temperature was found to be

19*50° C, that of the air being 19"30° C. It was not until after these observations

had been made that a cloudiness indicating the commencement of crystallisation

appeared in the solution. It increased rapidly, and the temperature rose smartly to

23 '16° C. and remained constant from 1.10 p.m. to 2.35 p.m.—a period of 85 minutes

—when the temperature began to fall.

A careful record of the thermal and other observations throughout the whole

experiment was kept, and the following is a resume of these data :

—

Weight of solution + cylinder =1270*190 grams.

Weight of cylinder = 463*580 „

Weight of solution taken for observations

with the hydrometers = 806*610 ,,

This solution was 7*225 CaClz+lOOO grams of water, and contained 44*48 per

cent. CaCla-

§ 106. Thermal Data.—When the hydrometer A had been removed from the

solution after the fifth series of observations, the time was 1.5 p.m. The solution was

stirred with the thermometer, gently, and the temperature noted at 1.8 p.m. It was

at this time that the crystals appeared in the solution, and its temperature rose in less

than one minute to 23*16° C. and then remained stationary until 2.35 p.m., while that

of the air in the room varied only between 19*2° and 19*4° C. When the tempera-

ture of the crystals and the solution had fallen somewhat the cylinder was placed in

water of 19*3° C. and cooled to 19*5° C, when the mother-liquor was found to have the

specific gravit)'^ 1*423500 and to contain 42*33 per cent. CaClg.

§ 107. Rate of Cooling of Original Solution.—The crystals, together with the

mother-liquor in the cylinder, were then heated to a temperature of 30° C. by placing

the cylinder in a water-bath of that temperature and keeping it there until the crystals

were re-dissolved. The system was then allowed to cool in the air, the temperature of

which remained constant at 19*3° C, and the temperature of the cooling liquid was

taken at intervals of 30 seconds.

The series of observations extended over 4 1 minutes, during which the temperature



188 MR J. Y. BUCHANAN ON THE

fell from 23'82° C. to 21*99^ C. and the solution remained liquid to the end. The

cooling had proceeded for 13 minutes before the temperature fell to 23 16° C, and the

loss of heat was taking place quite regularly. The following are the temperatures

observed at each half-minute for two minutes before and two minutes after the

temperature 23*16° C. was passed :

—

Time in minutes :
-2-0 -1-5 - I'O -0-5 O'O +0-5 +1-0 +1-5 +2-0

Temperature: 23-23° 23*21° 23*19° 23*17° 23*16° 23*14° 23*12° 23*09° 23*07°

During the four minutes the temperature fell 0*16° C, whence 0*04° C. per minute

represents the mean rate of fall of temperature when the system has the temperature

23*16° C. and is cooling in air of constant temperature 19*30° C.

§ 108. Calculation of Heat liberated during Crystallisation.—The first thermal

effect observed was when crystallisation began. The temperature of the system rose

in less than a minute from 19*5° to 23*16°. During this phase the glass cylinder, as

well as its contents, was warmed 3*66°. The heat liberated in this act depends on

the weight of the solution, on its specific heat, and on the rise of temperature. In

determining the thermal exchange which has taken place, we have to take account of

the capacity for heat, which is generally represented by the " water-value," of the

cylinder. The numerical data required in this calculation are the following :

—

Weight of CaCla solution ...... 806*61 grams.

Its specific heat (Regnault) . . . . . . 0*636

Whence, water-value of solution . .... 513*00 grams.

Weight of cylinder 463*58

Specific heat of glass . . . . . . .
0*2

Whence, water-value of cylinder .... 92*72 grams.

Rise of temperature ....... 3*66° C.

Whence, heat liberated in first act (51300 -I- 92*72)3*66 = 2217 gr.° C.

After the first minute, when the temperature had become constant at 23*16°, the

rate of liberation of heat was exactly equal to its rate of dissipation, which we have

found to be represented by a fall of temperature of 0*04° per minute. This state

was maintained for 85 minutes, which requires a liberation of heat, in the second act, of

85 X 605*72 x 0*04 = 2059 gr.° C.

Adding the 2217 gram-degrees liberated in the first act, we find the total heat evolved

during the interval of 85 minutes to be

2059 -f 2217 = 4276 gr.° C.

§ 109. In order to verify the state of unrest above described, the experiment was

repeated with a 7*196 CaClg solution (§ 113), and after crystallisation was completed,

the crystals were removed and freed as far as possible from adherent mother-liquor,

and their composition ascertained by estimation of the chlorine contained in a weighed

quantity. The results of duplicate determinations gave the composition of the crystals
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SO obtained as CaClaG-SHaO and CaCl^e-dHgO respectively. It is obvious, therefore, that

the crystals which were deposited had the composition CaClaGfTaO, and that the excess

of water indicated by the analyses was due to some adherent mother-liquor, from which

it is almost impossible to free the crystals.

That the crystals deposited in the first experiment had the composition CaCLGHaO

is confirmed by the thermal data already set forth.

The weight of original calcium chloride solution which crystallised in the cylinder

was 806'61 grams. It contained 44'48 per cent. CaClz.

The mean of the first series of specific gravities— 1
'4 460 19—is taken as the specific

gravity of this solution when at rest.

The concentration of the solution is therefore :

—

I

Per Cent. By Weight.

CaClj . . 44-48 359 '0 grams.

Water . . 55-52 447 6 „

Total . . 100-00 806-6 „

After the crystallisation was ended, and with the solution at a temperature of

I9'5° C, one determination of the specific gravity of the mother-liquor gave the

result 1-423500.

The concentration of the mother-liquor determined by analysis was 42'33 per cent.,

equivalent to 734"0 grams, or 6'613 gram-molecules CaCla per 1000 grams water.

The crystals (CaClgeHgO) contain 50"685 per cent. CaCla-

The cooling observations showed that the heat evolved in the act of crystallising

was 4276 gr.° C.

According to Thomsen, the heat of solution of CaClaeHgO is - 4340*0 gr.° C. ; there-

fore on thermal evidence alone 215'5 grams, or 0'984 CaClzBHaO, has separated out.

But, on the basis of the analytical estimations made on the supersaturated solution

and the mother-liquor, we find that 210*3 grams of crystals separated out of 80661 grams

of solution, or 096 gram-molecule CaClaeHaO. The agreement of these two computed

values is excellent.

We accept then as the quantities of crystals and mother-liquor 210*3 grams and

596 '3 grams respectively.

§ 110. The nature of the experiments having been indicated, and the general

character of the thermal change and the alterations in specific gravity mentioned, the

following table, IIa., gives a complete account of the individual observations of specific

gravity made, together with the corresponding displacements calculated from them.

Table IIb, gives a similarly complete account of the individual observations of

specific gravity in five series made in the solution 6*3 CaClg-f- 1000 grams of water at

19*5° C, with the corresponding displacements calculated therefrom. The solution of

calcium chloride saturated at 19*5° C. is 6613 CaClg-t-lOOO grams of water; therefore

the 6*3 CaClg solution, though of high concentration, is sufficiently removed from

saturation to exhibit the tranquillity of a dilute solution.
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Table IIa.

Table of Observations made with Hydrometers A and B ivhen jioating in the

Supersaturated Solution 7"225 CaCl^-h 1000 grams of Water at 19"5° C.

before Crystallisation.

Hydrometer A. Hydrometer B.

Series 1 (10.45 a.m.-11.5 a.m. )• Series 2 (11. 3C a.m. -11. 45 a.m.).

Added
Weight in

Grams.

Scale

Reading in

Millimetres.

Specific Gravity
calculated

from Single

Observations.

Displace-

ment.

Added
Weight in

Grams.

Scale

Reading in

Millimetres.

Specific Gravity

calculated

from Single

Observations.

Displacement.

8-65 13-7 1-445961 1245-71 6-1 7^8 1-445905 1245-76
8-75 20-9 5972 -70 6-2 16^9 5826 •83

8-85 28-1 6034 -64 6-3 25^3 5837 •82

8-95 35-6 6044 -63 6-4 34^0 5828 •83

9-05 42-8 6033 -64 6-5 42-1 5880 •78

9-15 50-4 6015 -66 6-6 50-7 5895 •77

9-25 57-8 6039 64 6-7 58-3 5962 •72

9-35 65-0 6049 -63 6-8 67^1 5948 •71

9 45 72-4 6037 •64 6-9 75^8 5936 •64

9-55 79-9 6001 68 7-0 83-6 5998 •67

9-65 87-1 6028 -65 7i 91-3 6076 •61

Hydrometer A. Hydrometer B. Hydrometer A.

iSeries 51(12.10 p. m.-12. 25 p.m.). Series 4 (12.35 p.m.-12.49 p.m.). Series 5 (12.55 p.m. -1.5 p.m.).

Scale
Specific

Scalp
Specific

Scale
Specific

Added
Weight

Reading
Gravity

calculated Displace-

Added
Weight Reading

Gravity
calculated Displace-

Added
Weight

Reading
Gravity

calculated Displace-

m
Milli-

metres.

from Single ment. in
Milli-

metres.

from Single ment. in
Milli-

metres.

from Single ment.
Grams. Observa-

tions.

Grams. Observa-

tions.

Grams. Observa-
tions.

1245-928-65 16-0 1-44.5741 1245-90 61 7-8 1-445905 1245-76 8-6 12-5 1-445719
8-75 23-9 5780 -87 6-2 16-9 5826 •83 8^7 201 5703 93
8-85 31-6 5686 •95 6-3 25-3 5837 •82 8-8 27-9 5681 95
8-95 39-1 5663 -97 64 34-3 5796 -86 8-9 36-9 5525 1246^09
9-05 46-5 5711 -93 65 42-7 5820 -84 90 45-1 5448 •16

9-15 53-6 5831 -82 6^G 51-8 5794 -88 91 53-9 5313 •27

9-25 61-0 5717 •92 6-7 60-0 5852 •81 9-2 62-9 5165 40
9-35 68-1 5732 -91 6-8 68-1 5855 -80 9-3 70-5 5133 43
9-45 75-3 5768 -88 6-9 77-1 5805 79 9-4 78-2 5096 •46

9-55 82-6 .5796 -85 7-0 85-2 5838 -82 9-5 86-8 4959 •58

9-6.5 89-9 5824 -83 71 94-5 5759 •89 9-6 94-7

1

4886 •64
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Table 11b.

Table of Observations made with Hydrometers A and B when floating in the

Solution 6-3 CaC4+ 1000 grams of Water at 19-5° C, for Comparison with

the Results given in Table IIa.

Hydrometer A. Hydrometer B.

Series 1. Series 2.

Added Scale
Specific Gravity

calculated

from Single

Observations.

Added 1

Scale
Specific Gravity

calculated

from Single

Observations.

Weight in

Grams.
Reading in

Millimetres.

Displacement, Weight in

Grams.
Reading in

Millimetres.

Displacement.

4-0 13-9 1-409760 1204-94 2-05 7^1 1-409740 1204-96

4-1 •21-8 735 •97 215 15^9 732 -96

4-2 29-6 731 -96 2^25 24^5 744 -95

4-3 37-2 730 •96 235 335 725 -97

4-4 44-6 744 •95 2^45 42^8 683 120500
4-5 52-2 749 -95 2^55 50-8 751 1204-95

4-6 59-8 762 -94 2^65 600 723 •97

4-7 671 776 -92 2-75 679 725 -97

4-8 74-7 764 -93 2-85 77^8 694 -99

4-9 82-2 762 -93 2-95 86^0 740 -96

5-0 89-7 761 -94 3-05 94^8 739 •96

Mean . . 1-409752 MeanL • 1-409727

Probable error of mean expressed in \ _|_ „ _o.ii
units of the sixth decimal place / ~ ' ^

4^46

Hydrometer A. Hydrometer B, Hydrometer A.

Series 3. Series 4. Series 5.

Soalp
Specific

Slnnlp
Specific

Scale
Specific

Added
Weight

Reading
Gravity

calculated Displace-

Added
Weight

Reading
Gravity

calculated Disj lace-

Added
Weight

Reading
Gravity

calculated Displace-

iu

Grams.
Milli-

metres.

from Single

Observa-

tions.

ment. in

Grams.
Milli-

metres

from Single

Observa-

tions.

me nt. in

Grams.
Milli-

metres.

from Single

Observa-

tions.

ment.

4-0 14-1 1-409741 1204-95 2-05 7^0 r409750 120'^•95 4-0 140 r409750 1204-95
4-1 21-7 745 -95 215 15^8 742 •95 4-1 21-5 764 •94

4-2 29-7 722 -97 2-25 24^7 724 •97 4^2 29-5 741 -95

-I-3 37-5 730 -96 2-35 33^8 696 •99 43 37-4 711 -98

4-4 44-9 722 -97 2-45 42^0 760 •94 4-4 44-8 731 -96

4-5 52-1 765 -94 2-55 50^9 742 •95 4^5 52-1 765 94
4-6 59-8 768 -93 2-65 59^0 818 •89 4^6 610 741 •95

4-7 67-2 772 -93 2-75 68^1 790 •92 4^7 67-5 744 •95

4-8 74-9 750 -95 2-85 76^9 782 •92 4^8 74^8 760 •94

4-9 82 4 748 -95 2-95 86^0 740 •95 4-9 82-6 730 •96

5-0 89-9 749 -95 3^05 94^8 739 •96 5-0 89^7 767 -93

Mean . . 1-409746 Mean . . 1 409753 Mean . r409746

Probable error of mean \

expressed in units of the |- ± r-g = 3-49 6-35 3-6

sixth decimal place j
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Table lie.

Table of Observations made with Hydrometers A and B in the Supersaturated

Solutions, 7-196 CaCl^-\- 1000 grams of Water, at 19-50° C.

Index of
Hydro-
meter
used.

Time Interval in

Series of Minutes of Successive Added Weight Reading in Corresponding Correspoiidiiic/

Observa- Observations from in Grams. Millimetres. Sjiecific Gravity. Displacement.

tions. first Observation.

1-4 8-65 13-4 1-443843 1245-81

2-7 8-75 20-5 876 •78

4-1 8-85 28-0 884 •78

5-5 8-95 35-6 868 •79

6-8 9-05 43-1 859 •80

1st A 8-2 9-15 50-9 824 •83

9-6 9-25 58-2 851 •80

10-9 9-35 65-8 825 •83

12-3 9-45 73-0 831 -82

13-6 9-55 80-3 832 -82

15-0 9-65 87-5 843 •81

Time interval of 8 minutes between experiments.

24-5 6-1 10-0 1-443941 1245-73
25-9 6-2 18-8 911 -75

27-4 6-3 27-3 912 -75

28-8 6-4 36-7 839 •82

30-3 6-5 45-0 867 79
2nd B 31-7 6-6 54-2 806 -84

33-2 6-7 62-6 830 -82

34-6 6-8 711 830 •82

36-1 6-9 79-9 807 84
37-5 7-0 88-0 844 -81

39-0 7-1 96-6 838 •82

Time interval of 8 minutes between experiments.

48-5 8-65 13-9 1-443793 1245^85

501 8-75 21-3 799 85
51-6 8-85 28-2 865 79
53-2 8-95 36-6 769 •88

54-7 9-05 43-8 800 -85

Srd A 56-3 9-15 51-5 767 -88

57-8 9-25 58-3 841 -81

59-4 9-35 • 66-2 784 -86

60-9 9-45 73-8 752 -89

62-5 9-.55 81-0 762 -88

64-0 9-65 88-7 724 •92
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Table III.

Giving Details of the Order of Succession of the Experiments, of their Duration,

and of the Temperatures of the Solutions and the Air respectively during

the Experiments made on the Solution, 7 '225 CaCl^^- 1000 grams of Water.

Number of

Experiment.

(1)

Time of Com-
mencement of

Experiment.

(2)

Time of Com-
pletion of

Experiment.

(3)

Duration of

Experiment.

(4)

Time Interval

between
Successive

Experiments.

(5)

Initial and
Final Solution

Temperatures.

(6)

Initial and
Final Air

Temperatures.

(7)

Hydrometer.

(8)

1

10.45 a.m.

11.5 a.m.

20 minutes

25 minutes

19-5° C.

19-5° C.

19-3° C.

19-rc. A

2
11.30 a.m.

11.45 a.m.

15 minutes

25 minutes

19-5° C.
19-5° C.

19-3° C.
19-3° C. B

3
12.10 p.m.

12.25 p.m.

15 minutes

10 minutes

19-5° C.
19-5° C.

19-3° C.

19-4° C. A

4
12.35 p.m.

12.49 p.m.

14 minutes

6 minutes

19'5°C.

19-5° C.

19-4° C.

19-3° C. B

5
12.55 p.m.

1.5 p.m.

10 minutes 19-5° C.

19-5° C.

19-3° C.

19-35° C. A

§ 111. Comparison of Results obtained with Hydrometers A and B when floating

in the Supersaturated Solution of Calcium Chloride with those obtained when the Hydro-
meters are floating in a Solution containing 6 "3 gram-molecules of Calcium Chloride in

1000 grams of Water.—We will first draw attention to Table III., which gives the dura-

tion of each experiment, the initial and final solution temperatures, and the air tempera-

tures before and after each experiment, in connection with the observations and results

recorded in Table IIa. Table III. also affords a fair criterion of the usual duration

of these experiments, and it gives suitable relief to the constancy of the temperature,

both of the experimental liquid and of the atmosphere of the laboratory, which can,

and must be secured, if the full precision of which the hydrometric method is

susceptible is to be achieved. It will be observed that the temperature of the air

was generally 0-2" C. lower than that of the experimental liquid, and that, in these

conditions, the temperature of the experimental liquid remained perfectly constant

during the time of the experiment. The absolute degree of constancy covered by this

statement depends on the specification of the thermometer used. It was a standard

instrument, divided, on the stem, into tenths of a Centigrade degree, and the length
TRANS. fiOY. SOC. EDIN., VOL. XLIX., PART I. (NO. 1). 25
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of a whole degree was 12 millimetres. On such an instrument variations of one-

hundredth of a degree are easily appreciated by the practised eye. It must, however,

never be forgotten that ivliat is directly observed is, at the best, the most probable

value of the temperature of the bulb of the thermometer. The legitimacy of the

conclusion that this is the temperature of the medium in ivhich the thermometer is

immersed depends on the expertness and experience of the experimenter. The use

of an instrument of the degree of delicacy above specified is justified only when all

the precautions have been taken which are required in order to justify the experi-

menter in concluding that he has the temperature of the system under such control

that its uncertainty is not greater than ±0*005° C. Nothing short of first-rate

work secures this.

In the work which Mr S. M. Bosworth has been doing under my direction, upwards

of 3000 hydrometer observations have been made during the last twelve months, and

the temperature conditions have been controlled with such skill that only three of the

series showed a sensible variation of the temperature of the solution from the standard

temperature during the time the experiment lasted. Their results were rejected, not

because they were not very good, but because in this respect the others were perfect.

We will now proceed to a comparison of the figures in Tables IIa. and IIb.

§ 112. It would be useless to take the means of each series of specific gravity

results in Table IIa. and compare them with the mean results given in Table IIb.

But these numbers show the progressive character of the alteration of the specific

gravity in each consecutive series, as well as the considerable diff"erences of these

numbers inter se, when contrasted with the agreement which holds among the mean

results set out in the other table, IIb.

The mean results are given in the following table :

—

Table IV.

Giving the Mean Specific Gravities calculated from the Series in Table IIa.

Series. Hydrometer. Mean Specific Gravity.

1

2

3

4

5

A
B
A
B
A

1-446019

1-445917
1-445750

1-445826

1-445330

Taking the five mean results given above, we find that the maximum amplitude of

variation is 689 units in the sixth decimal place. If we turn to Table IIb., we find

the maximum amplitude of variation to be only 26 such units.

Although the consideration of the mean specific gravities shows clearly that there

is an unstable condition in the supersaturated solution as contrasted with the stable

condition of the 6 "3 CaClg solution, this is made more evident if we compare, as in



1 2 3 4 5

A B A B A
88 250 168 146 833

46 68 50 66 56
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the following table, the greatest amplitude of the variation in each series given in

Table 1 1a. with those occurring in series made with the same hydrometer, as given in

the other table, IIb.

Series ......
Hydrometer .....
Amplitudes of Variation <^

I Table 11b.

In series 4 of Table IIb. there are two extreme values of the specific gravity,

namely, 1*409696 and l"409818, giving an amplitude of 122, but they are quite ex-

ceptional, and if they are omitted the greatest amplitude in the series is 66, so that

the mean maximum amplitude in the series made with hydrometer B is &7 , while that

in the series made with hydrometer A is 50.

On examining the figures for the supersaturated solution, their irregularity when

compared with those of the G'3 CaClg solution is at once apparent; moreover, the

irregularity increases very rapidly in each consecutive series, so that the amplitude of

variation is in the first series 88, rising to 250 in the second, then falling to 146, and

reaching 833 in the last series, immediately after which crystallisation commenced.

I

The rate of increase is not regular, for in the fourth series the variation amounts to

I 146, which seems to show that the solution was for the time being in a state of com-

parative calm.

This table, therefore, serves the useful purpose of indicating the fluctuating

j

character of the alteration of the specific gravity, while Table IV. shows that in

' spite of these fluctuations there is a definite decrease in specific gravity from the first

to the fifth series.

§ 113. Displacement. — The displacement of the 6 "3 gram - molecule solution

throughout the series is for all practical purposes constant, as might be expected,

since the solution is quite stable and no disturbing influences, such as the imminence

of crystallisation, are present.

But the displacement in the case of the supersaturated solution is subject to variations

corresponding to those of the specific gravity. These afford evidence of considerable

and, to some extent, spasmodic acts of expansion and contraction, unaccompanied hy

any change of temperature of the solution or of the external pressure to which it ivas

subjected. These spasmodic changes of volume exhibit a veritable species of labour,

going on in the solution in its efforts to become a mother-liquor. In this it is finally

successful, but not before it has succeeded in forcing the door which confned its store

i of heat. The birth of the crystal ivas synchronous with, and dependent on, the libera-

tion of heat.

If we consider the mean specific gravities of the five series given in Table IIa., we

find a progressive decrease in them from the first to the fifth, with an interruption in

the fourth, where a slight increase is observable over that of No. 3. This resultant

decrease of the mean specific gravity of the solution is accompanied by a series of
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fluctuations in the results of the single observations of each series which indicates a

condition of unrest in the solution, which is most accentuated in the fifth series of

observations, during which the specific gravity fell from 1 "445719 to 1 "444886. The

most remarkable feature of these changes is that they occurred without being ac-

companied by any change in the temperature of the solution. Confirmation of the

occurrence of this remarkable condition of unrest was furnished by a repetition of the

experiment, made with a solution containing 7 "196 gram-molecules CaClg per 1000

grams HgO, recorded in Table lie, and in it similar fluctuations of density, although

not quite so pronounced, occurred as the forerunner of crystallisation. When the

temperature of the solution had been observed after completion of the third series, the

side of the cylinder was accidentally rubbed by the thermometer and crystallisation took

place; but the behaviour of this solution and that of the 7"225 CaClz solution, in the

case of the first three series, exhibit similar features of unrest.

§ 114. It is interesting to inquire into the nature of the changes of displacement

which have occurred in the transition of the solution from a condition of supersaturation

to that of a mixture of saturated solution and crystals at the same temperature, 19 "5° C.

They are clearly shown in the accompanying table.

We commence with 806"61 grams of a solution having a specific gravity 1-444886,

the displacement of this weight of solution being therefore .558 "25 grams, and this re-

solves itself into 596"3 grams of mother-liquor with a specific gravity of 1 "423500, giving

a displacement of 418'89 grams, and 210"3 grams of CaCl26H20 crystals with a specific

gravity of 1*654 (Landolt's Tables), giving a displacement of 127*15 grams, from which

we see that the displacement of the mixture of crystals and mother-liquor is 12*21 grams,

or 2 "2 per cent less than that of the original volume of supersaturated solution.

The following table shows this clearly :

—

Weight in

Grams.
Displacement in

Grams of Water.
Volume in c.c.

at 19-5° C.

Percentage
Displacement.

Original solution

Mother-liquor .

CaClgeHgO

Total

Diflference .

806-6 558-25 558-75 10000

596-3

210-3

418-89

127-15

419-48

127-36

75-03

22-83

806-6 546-04 546-84 97-86

... 12-21 11-91 2-14

§ 11 5. When we compare the behaviour of the chlorides of magnesium and calcium

in supersaturated solution, it seems strange that the salt which has the greater amount

of heat to lose by crystallising should be the more difiicult to bring to crystallisation.

The difficulty, however, lies only in the starting of crystallisation ; there is none in its

continuation. To start crystallisation in any solution, no matter how supersaturated
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it may be, is an operation which has some of the elements of an act of creation

—

some-

thing appears where there was nothing of the kind before. The actions and reactions

which take place before the first element of crystal appears are withdrawn from our

sight, but their existence has been revealed by the hydrometer, which faithfully reports

to him who can use it the dilatations and contractions which precede the crystal's birth.

They are illustrated in the accompanying diagram. In it the ordinates represent

displacements of the solution and the abscissae intervals of time, dating from the first

observation of the first series. The lowermost curve. No. 1, represents graphically the

data of displacement relating to the supersaturated solution 7*225 CaCla+lOOO grams

of water given in Table IIa. The uppermost curve, No. 2, represents those relating to

the non-saturated solution 6*3 CaCl2+ 1000 grams of water given in Table IIb. ; and the

intermediate curve. No. 3, represents the data relating to the supersaturated solution

7"196 CaCla+lOOO grams of water given in Table lie.

The displacements are plotted in the order in which they were observed, and the

series follow each other in chronological order. The letters A, B designate the hydro-

meter which was used for the series represented under each respectively. The time

intervals between successive series of observations are included in the diagram and are

traced by dotted lines. The interval of time which separated two consecutive series

of observations was on an average seventeen minutes, and the duration of each series of

experiments was about fifteen minutes. The diagram shows at a glance the contrast

between the tranquillity of the 6 '3 CaClg solution and the unrest indicated by the

curves for the two supersaturated solutions.

The curve No. 2 for the 6*3 CaClg solution pursues an even course, the displacements

oscillating between the extremes 1205'00 and 1204'89. Otherwise the curve differs

little from a straight line, and there is perfect agreement between the last result in one

series and the first in the succeeding series. This is shown by the horizontality of the

four dotted lines connecting the successive serial curves.

Curve No. 1 for the 7*225 CaClg supersaturated solution is in striking contrast with

No. 2. There is little agreement between the displacements in any of the corresponding

series, and the oscillations of the serial curves are very marked, culminating in the

continuous expansion shown in series 5, after which crystallisation took place. This is

also well shown by the difference between the last displacement of one series and the

first displacement of the following series. It is evident that the state of unrest con-

tinued when the solution was left to itself in the cylinder. The slight contraction shown

in passing from the third to the fourth series indicates an effort on the part of the

solution to regain a more stable condition. It is, however, clear that the state of unrest

continued during the whole of the 140 minutes represented by the line of abscissae in

the diagram, and it suggests the possibility, and indeed the probability, that the super-

saturated solution, even when confined in a closed vessel, may never be at rest.

§ 116. If we consider attentively what took place before the supersaturated solution

of calcium chloride was brought to shed its salt as crystals, it is seen that it differs very
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little from what takes place when its non-saturated solution is brought to shed part of

its water as crystals of ice. In each case considerable depression of the temperature

of the solution below that of crystallisation is required before crystallisation sets in.

When it does set in, an immediate rise of temperature takes place in the solution, and

it stops only when the ordinary temperature of crystallisation has been reached. The

same sequence of events is observed when water, containing no salt, is brought to

crystallisation ; it also rises to its ordinary temperature of crystallisation. Unless these

experiments are made in conditions which are unusual in chemical laboratories, none of

these liquids begins to crystallise immediately when its temperature has been lowered

exactly to the crystallising point.

The extent to which any particular solution can be cooled below its crystallising

temperature, and the amount of mechanical disturbance which it can withstand when in

this condition, vary with the nature of the solution. We have seen that the resistance

so offered by a supersaturated solution of calcium chloride is considerable. But even

that offered by pure water to the starting of crystallisation is greater than is generally

believed to be the case.

When the mass of water used is small, and the capacity for heat of the vessel which

contains it is large, it is possible, with care, to reduce the temperature of the system so

far that, when crystallisation takes place, the whole of the water is transformed into

ice and its temperature does not rise so high as 0° C. An instance of this is given in

the following passage quoted from a lecture on " Ice and its Natural History " which I

delivered before the Royal Institution on 8th May 1908 :
—

*

" Evidence of the uncertainty which exists regarding the temperature at which ice

begins to form in water, when it is cooled in contact only with a solid other than ice,

is furnished by the wet-bulb thermometer when it is being prepared for use at tem-

peratures below 0° C, by freezing on it the quantity of water which is supported, against

gravity, by the perfectly clean bulb. When this is rotated in air of — 10° to — 20° C,

ice never begins to form until the temperature of the bulb of the thermometer has fallen

to —2° or —3° C, and rarely before it has fallen to -4° C. In many cases I have

observed it fall to temperatures as low as —8° or —9° C. ; and in such cases, when

freezing begins, the whole of the water is frozen without its being able, by the liberation

of latent heat alone, to raise the temperatui-e of the bulb of the thermometer to 0°C."

Whether, when in this unstable state, it would stand the mechanical disturbance

which is resisted by a supersaturated solution of calcium chloride, can only be determined

by experiment. This I have not as yet attempted. All that is required is to set about

determining the specific gravity of pure water hydrometrically in a laboratory having

the constant temperature — 4° or — 5° C, and using at least equal precautions with those

observed in the case of supersaturated solutions at ordinary room temperatures.

If water, in these conditions, is sufficiently unsensitive to mechanical disturbance, it

will undoubtedly do its part in manifesting its unrest ; it will then be the part of the

* Proceedings of the Royal Institution of Great Britain, 1909, xix., Part I. p. 248,
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experimenter to receive the message, and if he succeeds he will have done a very fine

piece of work.

§ 117. In considering the dilatation of the 7'225 CaCla solution before crystallisation,

we may pass over the first four series, although the oscillations of displacement

which they exhibit would be remarkable enough if they stood alone, and confine our

attention to the expansion in the fifth series which is continuous from the first to the

eleventh observation. The displacement at the first observation was 1245'92, and at

the eleventh 1246 "64, corresponding to an increase of 072 gram in ten minutes. But

the absolute minimum displacement observed was 1245*61 in the second series, so that

the extreme amplitude of expansion was 103 gram. While these changes of displace-

ment were going on, the liquid was perfectly homogeneous and its temperature was

absolutely constant. Therefore the dilatations were not of thermal but of mechanical

origin. We can apply no mechanical power which would produce such a stretching

eflfect on a liquid, but we can easily arrive at the mechanical power which could effectually

counteract it.

Drecker * gives 0*0000217 as the coefficient of compressibility of a 40 '9 per cent,

solution of CaCl2, and we may take this as the compressibility of our 7*225 solution,

although it would be rather less. On this basis we obtain 38 atmospheres as the

pressure required to reduce the volume of the solution 7*225 CaCl2+ 1000 grams of water

from 1246*64 to 1245*61 cubic centimetres, and we conclude that, if we could place the

solution in conditions such that its internal pressure should be increased hy 38 atmo-

spheres, the extreme dilatation obsemed wo/dd he mechanically provided for. These

isothermal oscillations cease immediately when the first element of crystal appears in

the solution and aff"ords an outlet for its latent heat, after which crystallisation proceeds

in perfect tranquillity at a rate proportional to that at which heat is removed from the

solution. It is stopped if heat is supplied at this rate to the solution from without.

§ 118. There is a remarkable resemblance between the state of unrest preceding

the crystallisation of a supersaturated solution and that preceding the liquefaction of

a gas, under a pressure not inferior to its critical pressure, when its temperature is

reduced slightly below its critical temperature.

Andrews, in reporting his discovery of the critical state of liquids and gases, in-

cidentally describes this state of unrest as follows :

—
" On practically liquefying carbonic

acid by pressure alone, and gradually raising at the same time the temperature to

88° Fahr. (31*1° C), the surface of demarcation between the liquid and gas became

fainter, lost its curvature, and at last disappeared. The space was then occupied by a

homogeneous fluid which exhibited, when the pressure was suddenly diminished or the

temperature slightly lowered, a peculiar appearance of moving or flickering striae through-

out its entire mass. At temperatures above 88° Fahr. no apparent liquefaction of

CO2 or separation into two distinct forms of matter could be effected, even when a

pressure of 300 or 400 atmospheres was applied " {Phil. Trans. (1869) vol. clix. p. 575).

* Wied. Ann., 1888, vol. xxxiv. p. 955.
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When a gas such as carbonic acid, under a pressure which is not inferior to its

critical pressure, is confined in a tube as in Andrews' experiment and has a temperature

ever so little higher than its critical temperature, it fills the tube as a homogeneous

fluid which no pressure, however high, can liquefy. If, by removal of heat or by sudden

relief of pressure, its temperature is reduced ever so little below its critical temperature,

the homogeneous fluid begins to exhibit the peculiar appearance of moving or flickering

striae throughout its entire mass, as described by Andrews. These moving or flickering

striae indicate oscillations of density accompanying the efi"ort on the part of the homo-

geneous fluid to shed a portion of its mass in the liquid state before there is a liquid

nucleus for it to condense on and to aff"ord the first outlet to the latent heat, the escape

of which is an essential condition of liquefaction.

§ 119. We do not know the temperature at which the dry gas can condense on the

dry walls of the envelope, but there can be little doubt that it is lower than that at

which it condenses on its own liquid.

It is only in the conditions of Andrews' experiment that we can witness a substance

persisting in the gaseous state under a greater than the critical pressure and having a

temperature lower than the critical temperature, because it is only when the gas and

the envelope which contains it have been maintained at a temperature higher than

the critical temperature of the gas that the inner walls of the envelope have a chance

of being perfectly dry. By " perfectly dry " I mean free from every and any trace

whatever of the liquid substance. If the cooling process as specified above be then

carried out, the temperature may be reduced slightly below the critical temperature,

and yet the substance may persist in the gaseous state because there is none of itself

in the liquid state for it to begin to condense on.

I have defined * the boiling point of a substance, under a particular pressure, to be

the temperature at which it as a liquid evaporates into itself as a gas, arid as a gas or

vapour condenses on itselfas a liquid. When the gas condenses on any other substance,

or in a space filled only by itself, the temperature at which liquefaction commences is

uncertain. In the moment, however, that the first, even the minutest trace of liquid

appears, whether in the gas or on the walls, the temperature of condensation is defined,

because the gas is then condensing on itself as a liquid. How, in such an experiment,

the first element of liquid appears, we do not know. We say, it is by accident ; but

we may with equal right say, it is by an act of creation—because in the process some-

thing appears where there was nothing of the kind before.

We thus see that there is a close analogy, in all important particulars, between the

state of unrest which exists in a supersaturated saline solution before crystallisation

commences and that indicated by the flickering striae in a supersaturated gas before

liquefaction takes place.

* "Chemical and Physical Notes," by J. Y. Buchanan, F.R.S , The Antarctic Manual, 1901, p. 97.
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Section XVI.—The Determination of the Specific G-ravity of the Crystals of

A Soluble Salt by Displacement in its own Mother-Liquor, and the

Volumetric Relations between the Crystals and the Mother-Liquor

WHICH ARE established BY THE EXPERIMENT.*

§ 120. The work on the specific gravity of dilute solutions at 19 "5° C. reported in the

early part of this memoir was interrupted by the arrival of the great anticyclone or heat-

wave of the summer of 1904, during which observations at a temperature of 19"5° were

quite impossible. Indeed, the temperature of the laboratory, whether by night or day,

hardly ever fell below 23° C. or rose above 25° C. It persisted over Northern Europe

for nearly six weeks, and produced tropical conditions, which were evidenced alike by

the high temperature of the air and by its insignificant diurnal variation.

In these circumstances I decided to make use of the time by putting into practice

a method of determining the specific gravity of soluble salts which I had long

intended to try. I took it up at first merely as a tour de force in experimentation

with which to occupy myself during the hot weather, but it turned out to be a valuable

method of research, and the duration of the spell of hot weather enabled me to prove

and to use it.

The specific gravity of an insoluble substance is determined by the amount of

distilled water which a known weight of it displaces. In the case of soluble salts it

has been the custom to replace the water by a hydrocarbon or mineral oil. The

objections to the use of this liquid are numerous, especially when the salt, the specific

gravity of which it is desired to determine, is rare or costly. Moreover, to judge by

the want of agreement among the values of the specific gravity of the same salt found

by different chemists, there is greater uncertainty about the numerical results than

there should be. One reason for this may be that the salts are not insoluble, but

only sparingly soluble in the oil, and that sufficient attention has not been given

to this point.

There is one liquid in which every soluble salt is quite insoluble, and that is its

own mother-liquor at the temperature at which the one parted from the other. By

immersing the salt in its own mother-liquor at the temperature of what we may call

its birth, and by making the maintenance of this temperature a conditio sine qud non

of every manipulation during which the two are brought together again, errors due

to uncertain solubility are eliminated, and contamination of valuable preparations is

avoided. It is therefore by the immersion of each salt in its own mother-liquor that

I determined its displacement ; and this, combined with the weight of the salt and the

specific gravity of the mother-liquor, gave the specific gravity of the salt.

* This formed the subject of a paper which was read at tlie meeting of the Chemical Society of London on 6th

April 1905, but it was not published by the Society. I owe it to the courtesy of Professor E. S. Dana that the

liospitality of the pages of the American Journal of Hcience was extended to it. It appeared in the January

number of 1906, vol. xxi. jx 25, under the title:—"Ou a Method of Determining the SiJecific Gravity of Soluble

Salts by Displacement in their own Mother-Liquor ; and its Application in the case of the Alkaline Halides. By

J. Y. Buchanan."



SPECIFIC GRA\^ITY AND DISPLACEMENT OF SOME SALINE SOLUTIONS. 203

It is obvious that the method is applicable only to salts which have a mother-

liquor, such as KCl ; EbBr ; CaClaeHaO ; BaCl22H2U ; it is inapplicable to salts such as

CaClz ; BaClg ; and the like, which have no legitimate mother-liquor.

§ 121. It is an essential condition of success that the work be carried on in a room,

for the time being, especially devoted to the purpose, and occupied by one investigator.

He must have in it everything that he requires, including his balance. The window of

the room must face the north, and the precautions generally to be observed are similar

to those prescribed by Bunsen for the practice of his original gasometric method.

The salts used in this research were jhe chlorides, bromides, and iodides of

potassium, rubidium, and caesium. The rubidium and caesium preparations were from

the works of Schuchardt in Goerlitz, and on examination proved to be of the highest

degree of purity. The potassium salts were also unexceptionable as regards quality,

and were supplied by Merck. All of these salts dissolve easily, and most of them

abundantly, in water. They also crystallise with great readiness.

§ 122. The first operation is to prepare a hot solution of the salt such that, after stand-

ing over nighb, or for such length of time as may be deemed sufficient, it shall furnish

about 60 c.c. of mother-liquor and about 1 5 c.c. of crystals. In the case of the potassium

salts there was no difficulty, as their solubility at all temperatures is well known. The

solubility of the rubidium and caesium salts had to be determined, at least approxi-

mately, in each case, in order to economise the costly material. The following simple

method furnished the required information easily and expeditiously. A suitable vessel,

beaker or flask, is weighed empty, and then with 25 grams of distilled water, of the

temperature of the air. The salt is then gradually added and the mixture stirred with

the thermometer. In the case of every one of these salts the temperature falls rapidly

while dissolving, and by as much as from 15° to 20°. The salt is added as rapidly

as it is taken up by the water. When the fall of temperature slackens, a minimum

is soon reached, while some salt still remains undissolved at the bottom of the vessel.

It is then continually stirred ; the temperature rises slowly while the salt gradually

passes into solution, until, at a certain temperature, the amount of salt remaining

undissolved is such that a further rise of one degree of temperature will evidently

cause it to disappear. The vessel is now weighed, and, as result, we have the weight

of salt dissolved in 25 grams of water at about the last observed temperature. AVith

a little care it is easy to arrange that this temperature shall be in the neighbourhood

of that of the air. The vessel with its contents is now heated, and salt added by

degrees, while the temperature rises and finally reaches the boiling point or whatever

other temperature may have been determined on. Salt is added until the liquid is

saturated at this temperature. The vessel is again weighed and the salt dissolved

at the higher temperature is ascertained. These simple experiments, which are com-

pleted in very few minutes, furnish all the information that is required for the

economical employment of the material. In the absence of more detailed information,

the following results obtained in the above way are worth quoting :

—
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100 Grams of Water Dissolve

Grams 98 164 264 225 51 157 93 121 156 222

of RbBr KbI Rbl CsCl Csl Csl CsBr CsBr CsBr CsBr

at°C. 12 20 boiling 25 12 107 7-5 24-5 50 93-5

With this information there is no difficulty in preparing the sohition which shall,

after allowing for unavoidable loss in preparation, give the required amounts of mother-

liquor and of crystals. The water is warmed and the pure salt is added while the

temperature is raised to that of ebullition, or to any lower temperature that may have

been selected. When the salt has all passed into solution, the liquid is poured into a

flat crystallising dish and crystallisation begins immediately. The area of the dish

should be such that the layer of solution shall not be more than half a centimetre thick.

The mother-liquor is then everywhere in close touch with the crystals. The dish is

then put away in a cupboard for the night.

In the morning, the temperature of the contents of the crystallising dish and that

of the air are taken very carefully. The mother-liquor is then poured ofi" clear into

a stoppered bottle, while the crystals are collected, allowed to drain, and dried in the

ordinary way. The temperature which the mixture had when separated is noted as

that at which the crystals and the mother-liquor are in equilibrium ; and it is exactly

at this temperature that they have to be brought together again in order to determine

the specific gravity of the salt. It is at this temperature also that the specific gravity

bottle is weighed when filled with distilled water and with mother-liquor respectively.

In fact the temperature of equilibrium and of separation is the only temperature used.

§ 123. In Table I. the experimental details are given in full in the case of one salt,

namely, caesium chloride. For the other salts the results only are given, and they are

collected in Table II.

All the weights as given represent the weight in vacuo.

The specific gravity bottle which was used was one of the common and convenient

form which has a thermometer for a stopper and a lateral capillary tube for the adjust-

ment of level. Its nominal capacity was 50 cubic centimetres. On three occasions

one of 25 c.c. capacity was used for determining the displacement of the mother-liquor.

The molecular concentration (m) of the mother-liquor is determined by titration with

tenth-normal silver nitrate solution. This solution was made with the greatest care and

contained exactly 17 grams of silver nitrate in one litre, at the ordinary temperature

of the laboratory at the time. The burette used was divided into tenths of a cubic centi-

metre and had a capacity of 50 c.c. The determination of the halogen was not made

until the specific gravity had been determined, and, if the concentration was not already

known within narrow limits, a preliminary titration was made, after which the volume

of mother-liquor was weighed which would certainly require 40zbl c.c. for titration.

The capacity of the burette from to 40 c.c. was determined by weight with great

care. The concentration is stated in gram-molecules salt per 1000 grams of water.
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Table I.

—

Experimental Details in the case of Caesium Chloride.

Formula and molecular weight of salt

Temperature ........
Mother-Liquor.

Determination of Specific Gravity.

Weight of specific gravity bottle ....
Weight of specific gravity bottle filled with distilled water

Weight of water which fills it, w^-w-^

Weight of sp. gr. bottle + mother-liquor

Weight of mother-liquor, w^-w-^

Specific gravity of mother-liquor, — .

Analysis.

Weight of mother-liquor taken........
Cb. cents, ^jy -A-gNOg solution used .......
Weight of salt equivalent to silver used,

^
....

Weight of water in W gms. mother-liquor, Wg - tv^ .

Concentration of mother-liquor expressed in gm.-molecules salt per

thousand gms. water, 0*1—'^ . . . . - .

Salt in Crystal.

Determination of Specific Gravity.

A. Weight of first portion of salt

Weight of sp. gr. bottle + salt + mother-liquor

Weight of mother-liquor, w-^-^ - (wj + Wjq)

Weight of water displaced by mother-liquor

Weight of water displaced by salt, w^ - Wjg

W-,

•^12

Specific gravity of salt, -^ .

B. Weight of second portion of salt .

Sum of weights of the two portions, w-^q + w^^

Weight of sp. gr. bottle -1- salt + mother-liquor

Weight of mother-liquor, w^^- (wi + w^^)

w
Weight of water displaced by the mother-liquor, -^

Weight of water displaced by the salt, Wg - w^^

Specific gravity of salt, -^^....
C. Weight of water displaced by salt, Wgj - w^^ .

Specific gravity of salt, —^

.

Accepted specific gravity of salt

ME
T

tV-
13

Di

*<'is

w.
19

D„

I>3

D

CsCl = 168-5

23-r c.

38-8900 gms.
89-2399 „

50-3499 „

135-0620 „

96-1720 „

1-9101

1-0334 gms.
41-21 c.c.

0-6944 gms.

0-3390 „

12-1563

22-1229 gms.

U6-5514 „

85-5385 „

44-7828 „

5-5671 „

3-9739

26-6220 gms.

48-7449 „

160-4249 „

72-7900 „

38-1085 „

12-2414 „

3-9820

6-6743 gms.

3-9890

3-982

For weighing out the salt and passing it directly into the specific gravity bottle a

special and convenient form of weighing tube was used. It was made out of a stoppered

specimen tube with an internal diameter of 2 centimetres and a length of 7 or 8 centi-

metres. The lower end of this tube was opened and a piece of narrower glass tube

joined to it before the blowpipe. This tube, which had a length of about 3 centimetres,

had an external diameter such that it could just pass freely through the neck of the
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specific gravity bottle. The wide end was closed with a glass stopper, and the narrow

end with a small india-rubber cork.

It was the custom to work so as to have about 15 c.c. of dry salt to be added in two

charges to the specific gravity bottle. These charges were intended to be nearly,

though not quite, equal. The available supply was distributed between two weighing

tubes by approximate weight, after which the exact weight of each portion was deter-

mined in the usual way. The two portions of caesium chloride weighed respectively

22'1229 and 26"6220 grams, so that in the first determination of specific gravity

22*1229 grams and in the second 487449 grams were concerned. It is not immaterial

whether the first portion is charged into the empty specific gravity bottle and the

mother-liquor poured over the dry powder, or is charged into the bottle which is already

about half full of mother-liquor. In the former case the elimination of the entangled

air is difficult and takes time, during which it is not easy to prevent the temperature

getting out of hand. By the latter process very little air is carried past the surface of

the liquid and very little stirring with the thermometer, which is required on other

grounds, suffices to eliminate it.

§ 124. Owing to the readiness with which these salts crystallise and to the slowness

with which all salts dissolve in an almost saturated solution, the temperature of the

mixture of salt and mother-liquor, during the adjustment of level in the specific gravity

bottle, must on no account be permitted to fall below T by even 001", nor should it be

allowed, even momentarily, to rise above it by more than O"!". The regulation of

temperature was effected entirely with a standard thermometer divided into tenths

of a degree, each tenth occupying a length of rather more than one millimetre on

the stem. The thermometer which forms part of the specific gravity bottle is used

chiefly as a stopper of convenient form. So soon as the level of the liquid has been

adjusted in the bottle, it is weighed. The temperature and pressure of the air are

kept account of for the reduction of all weights to the vacuum.

When the first weighing has been completed, about 20 or 25 c.c. of the clear mother-

liquor are drawn off and the second charge of dry salt is added and mixed, after winch

the level is adjusted, and the weight determined. In the absence of experience it might

be thought that it would be difficult to draw oft' so much of the liquid without some of

the solid salt ; but no matter how much they may be stirred up, these crystallised salts

settle at once and completely to the bottom when immersed in their saturated solutions,

and the operation presents no difficulty. It was at first intended to make a series of

three determinations with each salt, but two were found to be sufficient. During all

these manipulations the temperature of the air in the laboratory never differed from

that of crystallisation (T = 23'l°) by more than one or two tenths of a degree, and,

when the solubility of the salt is great, it is only in such conditions that operations

of this kind can be carried out successfully.

Before bringing the crystals together with the mother-liquor in the specific gravity

bottle, the operator must realise that their common temperature ivhen mixed is to be
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exactly that of crystallisation or equilibrium (T) ; and he must take such m^easures

as his experience dictates to ai-rive at this end. Preliminary experiments on a some-

ivhat extensive scale are absolutely necessa.ry, and the success of an operation depends

almost entirely on the operator and the trouble that he is prepared to take.

§ 125. Table II. gives for each salt, MR, the temperature, T, of equilibrium between

crystals and mother-liquor, and, in condensed form, the experimental data of the

determination of S, the specific gravity at T of the mother-liquor, that of water at the

same temperature being unity, of m, the concentration of the mother-liquor in gram-

molecules salt per 1000 grams of water, and of D^, Dg, D3, the three observed values, as

well as D, the finally accepted value, of the specific gravity of the salt, all at T, and

referred to that of water at the same temperature as unity.

Table II.

—

Experimental Results regarding each Salt in the Ennead.

Salt ; Formula
MR

Salt : Mol. weight .

Temperature, T

Specific Gravity.

Weight taken, gms. Wj

Displacement, gms. jWg

Specific gravity, —§ = S

KCl.

74-6

23r

KBr.

1191
23-4°

KI.

166-1
24-3°

EbCl.

121-0
22-9°

EbBr.

165-5

23-0°

Rbl.

212-5
24-3°

CsCl.

168-5
23-1°

CsBr.

213-0
21-4'

Csl.

260-0
22-8*

Mother-Ltquor.

59-4068
50-3524

1-1798

Concentration.

Gm.-mols. p. 1000 gm. H2O, m 4-7619

Specific Gravity.

A. Weight of first portion of

salt, gms. H'jQ .

Displacement, gms. w.^^

Specific gravity J2=Dj

B. Weight of both portions of

salt, gms. Wjg .

Displacement, gms. m-,,^,

Specific gravity —i^= D„

C. Weight of second portion of

salt, gms. xv^^r,

Displacement, gms. w^^ - w^^

= ^21 •
. . .

Specific gravity, —^ = D3

Accepted specific gravity, D

34 3044 85-9636 74-7356 81-3282 46-2696 96-1720 42-3756

24-9554 49-9140 49-9188 49-9196 24-9478 50-3499 24-9744

1-3746 1-7222 1-4971 1-6292 1-8548 1-9101 1-6968

57250 8-9344 7-7670 6-7229 8-2307 12-1563 5-3057

78-0087
50-3658

1-5488

3-5454

Salt in Crystal.

13-3684 36-7928 27-1751 19-0112 27-0906 26-4777 22-1229 27-8926
7-3271 13-7498 8-9703 7-0256 8-4700 7-7248 5-5671 6-2453

1-8245 2-676 30295 2-706 3-198 3-428 3-974 4-466

27-4258 52-5142 52-1768 43-7750 51-5438 50-6025 48-7449 57-5390
14-5322 19-6005 17-1465 15-9627 16 0568 14-7658 12 2414 12 9466

1-887 2-679 3043 (2-74) 3-210 3-428 3-982 4-455

14-0574 15-7214 25-0017 (24-76) 24-4532 24-1248 26-6220 29-6464

7-2051 5-8501 8-1762 8-9371 7 5868 7-0410 6-6743 6-7013

1-951 2 688 3-058 (2-77) 3-223 3-426 3-989 4-424

1-951 2-679 3-043 2-706 3-210 3-428 3-982 4-455

26-3890

5-8545

4-5075

53-3916

11-8423

4-5085

27-0026

5-9878

4-509

4-508
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The letters and suffixes have the same significance as in Table L

The numbers in line T show how uniform the temperature was during the period

over which the experiments were spread. All the experiments were made between the

12th and 22nd of July 1904, with the exception of those on caesium bromide, which

were made on 10th August. By that time the anticyclone had begun to break, and

the value of T for this salt is 2r4°. For all the other salts, T lies between 22"8''

and 24-3°.

During the whole of the period the barometer was very steady, varying between

758 and 761 millimetres, and the relative humidity of the air in the laboratory varied

between 40 and 50 per cent.

Of the three values D^, Dg, Dg for the specific gravity of the salt, Di is obtained

directly from the first portion of the salt, Dg from the sum of the two portions, and

Dg is derived from D^ and Dj by subtraction,

D.2 represents very nearly the mean of D^ and Dg, and is the accepted value for the

majority of the salts. It is expressed to three places of decimals, of which units in the

second place are exact.

It will be noticed that in the case of rubidium chloride the value of D^ is accepted.

The second determination depends on the approximate weight of the second portion of

salt when the tube was being filled, the exact weighing on the balance of precision

having been accidentally omitted. The operation was however completed, and the

calculation made with the approximate weight was used as a control. The result shows

that the value of l)i may be safely accepted. In the case of potassium chloride the value

of Dg (1'951) is accepted, and the reason for this is as follows: The first portion of

salt was in very coarse powder, and in mixing it with the mother-liquor numerous

crystalline particles were observed which contained gaseous enclosures, easily per-

ceptible by the naked eye. As was expected, the observed specific gravity proved

to be low. The second portion was much more finely powdered and the specific

gravity resulting from the two was higher (1"887). But this result is affected

to the full extent by the gaseous enclosures in the first portion. We therefore

calculate the specific gravity from the second portion alone, which gives 1"951 for

the specific gravity.

It is an advantage of the method just described that it furnishes more than the

mere determination of the specific gravity of the salt. Thus, by ascertaining almost

simultaneously the specific gravity of the mother-liquor and the displacement in it of

the crystals, both being at the temperature of equilibrium, data are obtained for the

determination of the relation between the displacement of the salt in crystal and the

increment which it produces in the displacement of 1000 grams of water when it is

dissolved in this mass of water and forms a saturated solution with it at that

temperature. It has not hitherto been permissible to make exact comparisons of this

kind, owing to the independence of the observations on the salt and on the solution

which have been available.
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S 126. In discussing the results of observation it is convenient to arrange them in a

more articulate form than that of Table II.

The group of salts which forms the subject of these experiments is one of the most

remarkable in nature. The salts are nine in number and include all the possible binary

combinations of the members of the electro-positive triad K, Rb, Cs with those of the

electro-negative triad CI, Br, I. The two triads of simple bodies make three triads,

or one ennead, of binary compounds. The relations of the different members of the

ennead are shown in Table III,, in which the different features of the salts are exhibited

in separate sub-tables. In these sub-tables the data referring to salts of the same

metal (M) are found in the same column under the symbol for the metal (K, Rb, Cs),

and those relating to salts of the same metalloids (R) are found in the same line opposite

the symbol for the metalloid (CI, Br, I). The symbol MR is used to represent both

the formula and the molecular weight of the salt.

Sub-table (a) of this table contains the formula and sub-table (c) the molecular

weight of each salt. The latter is the fundamental attribute of a substance, on which

all its properties depend. The molecular weights of the salts which occur in one

column differ by the amount of the difference of the atomic weights of the metalloids

which they contain, that is, by 44 '5 or 47. Similarly, contiguous salts in one line have

molecular weights which differ by 46 "4 or 47 '5. If we consider the two diagonal triads

in the ennead, we see that they are characterised by the fact that both the elements

in each unit are different from those in either of the other units. Further, along the

diagonal KCl-CsI the molecular weights of the units differ as much as possible from

each other, while the atomic weights of the components of each unit are as nearly as

possible identical, being close neighbours in the atomic series. On the other diagonal,

KI-CsCl, the molecular weights of the units agree with each other as nearly as possible,

while the atomic weights of the constituents of the units differ from each other as much
as possible.

In sub-table (b) we have the values of T, the temperature at which the crystals

and mother-liquor of each salt were in equilibrium, and that at which the various

displacements were observed.

Under the experimental conditions, which have been minutely described above, it

is impossible to fix in advance the exact temperature of equilibrium of the crystallising

liquid. This is given by the meteorological conditions, modified by the structural

features of the laboratory and of the apartment or enclosure where crystallisation

takes place.

§ 127. The Crystal.—In compartment (g) we have the values of D, or the specific

gravity of the salt in crystal at T, referred to that of distilled water of the same

temperature as unity. The data in this compartment are in most cases for different,

but always neighbouring, temperatures. The differences of the values of T are, how-

ever, so small and those of D are so great that we may discuss the specific gravities

as if they had been made at one common temperature.
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Table III.

—

Table giving Numerical Relations between the Crystallised Salts

of the Ennead MR and their Mother-Liquors.

K. Rb. Cs. K. Rb. Cs. K. Rb. Gs.

(6) The common temperature at

which the determinations of the

(«) Formula of each salt. specific gravity of the crystals (c) Molecular weight of each salt.
|

and the mother-liquor respect-

ively were made.
MR. T. MR.

CI. KCl. RbCl. CsCl. 23°4 22-9 23-1 74-6 121-0 168-5

Br. KBr. EbBr. CsBr. 23-4 23-0 21-4 119-1 165-5 213-0

I. KI. Rbl. Csl. 24-3 24-3 22-8 166-1 212-5 260-0

{d) Weight of salt per 1000 grams of (e) Concentration of the mother-
(/) Weiiiht of the mass of the

water in each solution. liquor expressed in gram-mole- mother-liquor which contains
cules salt dissolved in 1000 1000 ffiams of water.
grams of water.

w.

MR='^-
1000 -fw=W

CI. 355-24 939-81 2048-34 4-7619 7-7670 12-1563 1355-24 1939-81 3048-34

Br. 681-85 1112-64 1130-11 5-7250 6-7229 5-3057 1681-85 2112-64 2130-11

I. 1484-00 1749-02 921-80 8-9344 8-2307 3-5454 2484-00 2749-02 1921-80

[g) Specific gravity of the crystal at {h) Specific gravity of the mother- {i) Displacement of W grams of

T, referred to that of distilled liquor at T, referred to that of mother- liquor at T, expressed m 1

water at the same temperature distilled water at the same grams of water at T.

as unity. temperature as unity. W
D. S. 1 = ^-

CI. 1-951 2-706 3-982 1-1798 1-4971 1-9101 1148-70 1295-71 1595-90

Br. 2679 3-210 4-455 1-3746 1-6292 1-6968 1223-52 1296-73 1255-37

I. 3-043 3-428 4-508 1-7222 1-8548 1-5488 1442-34 1482-11 1240-83

{I) Mean increment of displacement

{j) Displacement of one gram-molecule [k) Increment of displacement of 1000
of motiler-liquor per gram-mole-

of the crystal at T, expressed in grams of water caused by the dis-
)f water at T

grams of water at T. solution in it ofm . MR.

MR ^-1000=% A -1000 V

D m m

CI. 38-233 44-710 42-310 148-70 295-71 595-90 31-223 38-069 49-021

Br. 44-460 51-553 47-820 223-52 296-73 255-37 39038 44-131 48-137
1

I. 54-580 61-986 57-670 442-34 482-11 240-83 49-506 58-575 67-907

{n) Difference of the molecular dis-

{m) Displacement of one gram-
molecule of crystal, expressed in

gram-molecules of water at T.

placement of the salt in crystal

from the mean molecular incre-

ment of displacement of the water
in the mother-liquor.

(o) Ratio.

MR MR V MR m
18D" D m- D V

CI. 2-124 2-489 2-350 7-010 6-641 - 6-711 1-225 1-175 0-863

Br. 2-470 2-864 2-657 5-422 7-422 - 0-317 1-139 1-168 0-993

I. 3-032
1

3-444 3-204 5-074 3-411 -10-237 1-103 1-059 0-849 i
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On examining the values of D, we see that they increase with those of ME,

but the increase is not continuous, it is remittent. It takes place triadwise ; and

this holds whether we take the triads in column or in line. Comparing salts in the

same line, we see that replacing Rb by Cs causes a rise of specific gravity which is

twice as great as that caused by the substitution of Eb for K. Comparing salts in

the same column, the replacement of CI by Br causes more than double the rise caused

by the substitution of I for Br. However we regard it, we see that the specific gravity

of the salts is a periodic function of their molecular iveight, within the ennead.

In compartment {j) we have the values of :^ or the displacement of one gram-

molecule (ME) of salt stated in grams of water, and in compartment (m) the same

constant is stated in gram-molecules of water f —= ). In dealing with the specific

gravities, we saw that, whether we follow the columns or the lines, they increase

with increase of molecular weight. In the case of the molecular displacements this

holds for the columns but not for the lines. In these the salts of rubidium have

the greatest molecular displacement, the potassium salts have the least, and the

caesium salts occupy an intermediate position. As we shall see later, this irregularity

is due to a specific peculiarity of the caesium salts. Meantime it may be noted

that the values of -^^, which may be called the volumetric equivalent of one gram-
1 oU

molecule of any of the salts of the ennead, varies from 2124 HgO to 3 "2 04 H2O, the

iodides having the highest and the chlorides the lowest equivalents. The average

difference between the volumetric equivalents of the iodides and bromides is 0'563

H2O, and that between those of the bromides and chlorides is 0'343 HgO.

§ 128. TJie Mother-liquor.—The values of T are the same for the mother-liquor as

for the crystals, and are presented in (&). In (e) we have the values of m or the

molecular concentration of the mother-liquor. This is expressed in gram-molecules salt

per 1000 grams of water, its equivalent w in grams is given in sub-table {d), and the total

weight in grams (W) of the solution is given in sub-table {/). The concentration,

m, of the mother-liquor represents with great exactness the molecular solubility of

the salt at T, and we shall consider it for a moment from this point of view.

The least soluble, molecularly, of the nine salts is caesium iodide, which has the

highest molecular weight, and potassium chloride, which has the lowest molecular

weight, comes next to it. Next to caesium iodide, in molecular weight and in solubility,

we Jiave caesium bromide ; and, similarly, next to potassium chloride, in molecular

weight and in solubility, we have potassium bromide. In the latter case the solubility

increases with the molecular weight, while in the former it decreases with it. But, if

sub-table (c) be referred to, it will be observed that, as regards molecular weight, KCl
and Csl occupy singular positions in the ennead. On the other hand, KBr (119-1)

and EbCl (121) have almost identical molecular weights, as have also CsBr (213)
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and Rbl (2 12 '5), yet the solubilities in each pair respectively are very diflFerent.

The lowest solubilities are on the diagonal KCl- Csl, and the highest solubilities on the

diagonal KI-CsCl. RbBr, which occupies the middle place on both these diagonals,

is also in the middle of the middle column and of the middle line, and is the centre

of the ennead. Its solubility, besides being nearly the average of the group, has a

symmetrical position with respect to those of the other salts. On one diagonal the

solubility of its neighbours is lower, on the other higher, than its own. In its column

the solubilit)^ of its neighbours is higher, in its line it is lower, than its own.

Turning from the molecular solubilities in sub-table (e) to the ordinary solubilities

given in sub-table (d), we see that the positions of Csl and KCl are reversed ; the least

soluble salt of the ennead is KCl, with 355 '24 grams, and next to it comes Csl, with

921 '80 grams per 1000 grams of water. Other great differences occur which are

obvious on inspection and need not be further referred to here, because in the research

only the molecular weights of the salts are taken into account.

In compartment (h) we have the values of S, the specific gravity of the mother-

liquor at T, referred to that of distilled water of the same temperature as unity. These

numbers cannot, as they stand, be compared with each other because they refer to

solutions of such different concentrations. They enable us, however, to arrive at the

increment of the displacement of 1000 grams of water caused by its being saturated

with the particular salt at T. Thus, taking again caesium chloride as an example, we

have for the weight of salt dissolved in 1000 grams of water

tv = m.CsCl = 2048-34 grams.

Adding 1000 grams to this, we have for the weight of the solution

W = 1000 + «« = 3048-34 grams.

The specific gravity (S) being r9101, the displacement of the solution is

WA = —- = 1595 '90 grams of water,
S

whence the increment of displacement of the water by its saturation with the salt is

w = A - 1000 = 595-90 grams,

and the mean increment of displacement per molecule is

- = 49'021 grams.
TO

m.MR + 1000
Q = A = displacement of the mass of mother-liquor containing 1000 grams of water.

A- 1000 = V = increment of displacement due to dissolution of m.MR in 1000 grams of water.

In compartment (/) we have the value of — for each member of the ennead.
m

§ 129. Before commenting on the numbers in the table, it is important to form a

clear conception of their physical meaning. We shall best arrive at this by returning to

our detailed example of chloride of csesium. As the quantity of saturated solution

which contains 1000 grams of water weighs 3048 "34 grams and displaces 1595*90 grams
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of water, we may imagine it to have been prepared in the following way:— 1595*90

grams of water are taken, and caesium chloride is dissolved in it so that each portion,

as it is added, forms a saturated solution with the exact quantity of water which, it

requires for this purpose, and the remainder of the water remains uncontaminated.

Parallel with the dissolution of the salt, pure water is removed at such a rate as to

keep the displacement or bulk of the liquid always the same. When no more salt will

dissolve, we have a saturated solution which contains 1000 grams of water. The weight

of caesium chloride which has entered the solution is 2048 "34 grams, and the weight

of water which has left it is 595 "90 grams, whilst the displacement of the liquid is the

same at the end of the operation as it was at the beginning. In thus describing the

preparation of the saturated solution, we have described an operation of substitution.

It is therefore permissible to regard saturated solutions as products of substitution.

If we give to the above numbers their molecular interpretation, we see that the mean

increment of displacement produced by the presence of one molecule of caesium chloride

in its saturated solution at 23*1° is equal to that of 2723 gram-molecules of free

water, and therefore, that, in these conditions, CsCl is, in a sense, volumetrically

equivalent to '2 '723 H^O.

If we study sub-table (/), we see that the average molecular increment of dis-

placement produced by the salts increases with their molecular weight, whether we

follow the columns or the lines. The only exception is furnished by caesium bromide,

the increment produced by which is very slightly lower than that of caesium chloride.

The greatest increment is that due to caesium iodide, which has the highest molecular

weight ; and the least increment is that due to potassium chloride, which has the

lowest molecular weight. The pair, potassium bromide and rubidium chloride, which

have almost equal molecular weights, cause also almost equal molecular increments

of displacement. The same is true of the pair, potassium iodide and caesium chloride,

but rubidium bromide causes a markedly lower increment of displacement. Finally,

the pair, rubidium iodide and caesium bromide, which have almost identical molecular

weights, present no resemblance in the increment of displacement which they produce.

§ 130. Comparison of the Displacement of the Salt in Crystal and the Increment

of Displacement ivhich it produces in the Water of its Mother-Liquor.—The molecular

displacement .j= of the salts in crystal is given in sub-table (_;* ) in terms of grams

of water ; that of — , the salts in mother-liquor, is similarly given in sub-table {I).

If we compare these two tables, we find the remarkable result that while in the case

of the potassium and the rubidium salts the numbers for the displacement in crystal

are greater than those for the increment of displacement in mother-liquor, in the case

of the caesium salts the reverse is the case.

In sub-table in) we have the diiference ( ^^^ ) of the molecular displacement of
V D mj
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the salt in crystal from its mean molecular increment of displacement of the water in

/MR m\
the mother-liquor. In compartment (o) we have the ratio / ^=- . — j of these quantities.

Taking the figures in compartment (w), we see that in the case of the salts of

potassium and rubidium crystallisation is accompanied by considerable expansion, and

this is what is usually met with. In the case of the caesium salts the reverse is the case,

and very decidedly so in that of the chloride and of the iodide, but much less so in the

case of the bromide, which, in this, as in other particulars, maintains its singular position.

In this connection it should be noted that among the ratios (-i=^ ,—
)
given in com-

partment (o), the two which are nearest to unity are those for Rbl (r059) and for CsBr

(0"993) respectively ; and their molecular weights are almost identical. Further, the

salts situated co-diagonally to them, namely RbBr and Csl, have ratios whose differences

from unity are, numerically, almost equal, namely + 0"168 for RbBr and — 0'151 for Csl.

Taking a general view of the numbers in (o) which give the ratios of displacement in

crystal and in mother-liquor, we see great differences. The most striking examples are,

as in the case of solubility, the extreme members of the ennead, KCl and Csl. The

former expands by more than 25 per cent., and the latter contracts by 15 per cent, on

crystallising.

These figures accentuate the peculiarity of the csesium salts, that crystallisation is

accompanied by contraction. An interesting conclusion can be drawn from the

behaviour of the different salts in this respect, namely, that the crystallisation of the

potassium and rubidium salts of the ennead m^ust he hindered by increased pressure,

while that of the caesium salts must be helped by the same agency.

§ 131. Extension of the Research to the Salts of the Ennead MRO^, or the

Oxyhalides of Potassium, Rubidium, and Caesium.—It appeared to be interesting to

extend this work so as to include the salts of the ennead of the oxyhalides, having

the general formula MROg, in which M may be K, Rb, Cs, and ROg may be CIO3,

BrOg, IO3.

In contrast with the salts of the ennead MR, which are very soluble, the oxyhalides

are only sparingly soluble. The determination of the specific gravity of the crystals in

their mother-liquors is therefore much easier, and was effected quite successfully by my

assistant, Mr H. F. Fermor. The results so obtained are given in Table IV., which

is identical in form with Table II., dealing with the salts of the halides, which has

already been explained.

§ 132. The results of the discussion of the observations made with the salts of the

ennead MRO3 are given in Tabic V., which is constructed on the same plan as Table III.

It consists of a number of sub-tables, (a), {b), (c), etc., and the nature of each is

specified in its title. The molecular weight of each salt, represented by the general

formula MRO3, differs from that of the corresponding salt of the general formula MR
by O3 = 48. Therefore the differences between the molecular weights in the same
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column and between those in the same line in sub-table (c) are the same as those

between the molecular weights of the corresponding salts of the ennead MR to be found

in sub-table (c) of Table III., and what was said in this respect about the linear,

columnar, and diagonal relations of the molecular weights of the salts of the ennead

MR applies equally in the case of the ennead MRO3. The concentration, m, of the

mother-liquor, given in sub-table (e) is derived from its specific gravity.

5 133. In sub-table {g) we have the values of D, the specific gravity of the salt in

crystal at T, referred to that of distilled water at the same temperature as unity.

If we examine the values of D, we see that they rise triadwise and parallel to the

values of the molecular weight. In order to study their differences the accompanying

table has been constructed :

—

Table giving the Specific Gravities, D, of the Salts of tJie

Ennead MRO^, and their Differences.

K. Diff. Eb. Diff. Cs.

C103 .
2-319 0-857 3-176 0-406 3-582

Diff. .
0-900 0-505 0-527

BrOg .
3-219 0462 3-681 0-428 4-109

Diff. . 0-705 0-655 0-740

IO3 . .
3-924 0-412 4-336 0-513 4-849

In this table we have the nine entries of the specific gravity of the crystals, and

these furnish six entries of independent differences taken column-wise, and an equal

number taken line-wise. The differences occurring in the lines correspond to pairs

of salts having the same acid and different bases ; those occurring in the columns

correspond to pairs of salts having the same base but different acids. In the upper

left-hand corner we have in the top line 0-857, which is the excess of the specific

gravity of RbClOg over that of KCIO3, and 0"406, which is the excess of the specific

gravity of CsClOg over that of RbClOg ; so that 0*857 is the increase of the specific

gravity of the salt MCIO3 when the substitution of Rb for K as the value of M is

efiFected. Similarly, the increase of specific gravity caused when the substitution of Cs

for Rb in MCIO3 is effected, is 0-406.

Replacing CI by Br as R in KRO3 produces a rise of 0"900 in the specific gravity,

while the replacement of K by Rb as M in MCIO3 produces a rise of 857. When
Rb is replaced by Cs as M in MCIO3 and MBrOg the effects are similar, namely, a rise

of 0-406 and 0*428 respectively. The replacement of Br by I as R in KRO3 and

CsROg causes a rise of 0-705 and 0-740 respectively, while the replacement of Rb by

Cs as M in MCIO3 is very close to that produced by the replacement of K by Rb as

M in MIO3, namely, 0-406 and 0-412 respectively. These examples illustrate the

similarity of the substitution effect produced by elements having nearly identical

atomic weights but antagonistic chemical and physical properties.
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Table IV.

Experimental Results regarding each Salt in the Ennead MRO^.

Salt -. Formula MRO3
Salt : Mol. weight .

Temperature, T

Specific Gravity,

Weight taken, gms., w^

Displacement, gms., w.^

w
Specific gi-avity, —5 = S

Coneeniration.

Gm.-mols. p. 1000 gms. HgO, m

Specific Oravity.

A. Weight of first portion of

salt, gms., Wju

Displacement, gms., Wj^

Specific gravity, -^ = D^

B. Weight of both portions of

salt, gms., ?t'jg

Displacement, gms., w^^

Specific gravity, -^ = Dg
'"20

C. Weight of second portion of

salt, gms., w-^c,

Displacement, gms., ?<;2 w
= w„

w.
Specific gravity, -i5 = D3

Accepted specific gravity, D

KCIO3
122-6
14-8°

KBrOg
167-1

19-2°

KIO3
214-1
18-6°

RbClOg
169-0
16-2°

RbBrOg
213-5
16-0°

RbI03
260-5
15-6°

CsClOg
216-5
16-0°

CsBrOj
261-0
16-0°

CsIO,

308-0

15-4*

Mother-Liquor.

1

52-2451 52-7937 53-9820 52-1316 51-2751 51-6035 52-4485 51-4449 51-3776

50-4321 50-3973 50-4135 50-4209 50-4223 50-4258 50-4235 50-4219
1

50-4274

1-0360 1-0475 10708 1-0339 1-0169 1-0233 1-0402 1-0203 1-0188

0-4764 0-3990 0-4027 0-2938 0-1029 0-1072 0-2596 0-0995 0-0720

Salt in Crystal.

6-5566 23-5976 38-2490 29-0782 32-6042 39-0514 29-0122 25-4094 38-9291

2-8211 7-2897 9-7153 9-1539 8-8402 8-9315 8-0905 6-1773 8-0102

2-3241 3-2371 3-9370 3-1766 3-6882 4-3723 3-5860 4-1134 4-8600

12-3282 53-0730 79-6206 58-6266 68-1770 78-6761 64-9130 60-7122 83-3354

5-3153 16-4973 20-2904 18-4619 18-5218 18-1450 18-1219 14-7769 17-1872

2-3192 3-2171 3-9240 3-1755 3-6809 4-3360 3-5820 4-1086 4-8487

5-7716 29-4754 41-3716 29-5484 35-5728 39-6247 35-9008 35-3028 44-4063

2-4942 9-2076 10-5751 9-3080 9-6816 9-2135 10-0314 8-5996 9-1770

2-3140 3-2012 3-9122 3-1745 3-6743 4-3008 3-5789 4-1052 4-8389

1

2-319 3-219 3924 3-176 3-681 4-336 3-582 4-109 4-849
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CIO3

BrOj

10,.

CIO3.

BrOg.

10,.

Table V.

J'ahle giving Numerical Relations between the Crystallised Salts of the

Ennead MRO3 and their Mother-Liquors.

K. Rb. Cs.

(a) Formula of each salt.

MRO,,

KCIO3,

KBrOg
KIO,.

RbClOg,
RbBrOj
RblO,.

CSCIO3
CsBrOj
CsIO,.

Rb. Cs.

(6) The common temperature at

which the determinations of the

specific gravity of the crystals

and the mother-liquor respect-

ively were made.
T.

(d) Weight of salt per 1000 grams of

water in each solution.

58-41

66-67

86-22

49-65

21-97

27-92

56-20

25-97

22-18

14-8

19-2

18-6

16-2

16-0

15-6

16-0

16-0

15-4

(«) Concentration of mother-liquor

expressed in gram-molecules salt

dissolved in 1000 grams of water.

w _
MRa"'""

0-4764

0-3990

0-4027

0-2938

0-1029

0-1072

0-2596

0-0995

0-0720

K. Rb. Cs.

(c) Molecular weight of each salt.

MRO.>

122-6

167-1

214-1

169-0

213-5

260-5

216-5

261-0

308-0

{/') Weight of the mass of the mother-
liquor which contains 1000
grams of water.

1000-t-it'= W.

1058-41

1066-67

1086-22

1049-65

1021-97

1027-92

1056-20

1025-97

1022-18

CIO3
BrOg

10,.

CIO3.

BrO.,.

10,!

CIO3

Br03

10,.

((/) Specific gravity of the crystal at

T referred to that of distilled

water at the same temperature
as unity.

D.

{h) Specific gravity of the niother-

li(luor at T, referred to that of

distilled water at the same tem-
perature as unity,

S.

(i) Displacement of W grams of

mother-liquor at T, expressed
in gi'ams of water at T.

2-319

3-219

3924

3-176

3-681

4-336

3-582

4-109

4-849

1-0360

1-0476

1-0708

1-0339

1-0169

10234

1-0402

1-0203

10188

1021-63

1018-21

1014-40

1015-24

1004-98

1004-42

1015-38

1005-56

1003-31

ij) Displacement of one gram-mole-
cule of the crystal at T, ex-

pressed in grams of water at T.

{k) Increment of displacement of 1 000
grams of water caused by the dis-

solution in it ofm . MRO3.

A-1000 = 'y.

{I) Mean increment of displacement
of mother-liquor per gram-mole-
cule of salt dissolved in 1000
grams of water at T.

A-1000 _'i)

m m

52-867

51-910

54-603

53-212

58-001

60-078

60-441

63-519

63-518

21-63

18-21

14-40

15-24

4-98

4-42

15-38

5-56

3-31

45-399

45-629

35-756

51-858

48-444

41-251

59-264

55-849

44-634

(in) Displacement of one gram-mole-
cule of crystal, expressed in

gram-molecules of water at T.

MRO.,

18D

(n) Difference of the molecular dis-

placement of the salt in crystal

from the mean molecular incre-

ment of displacement of the water
in the mother-liquor.

MR03 _t>

D m

(0) Ratio.

MRO3 m
D v'

2-937

2-884

3-033

2-956

3-222

3-337

3-358

3-530

3-529

7-467

6-281

18-847

1-354

9-557

18-827

1-177

7-670

18-884

1-164

1-137

1-527

1-026

1-197

1-456

1-020

1-137

1-423
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§ 134. In sub-table (j) is given the molecular displacement, MRO3/D, of the crystal

in grams of water, and in sub-table {m) the same constant MRO3/I8D is given in

molecules of water.

In the potassium salts the values of this constant is least for KBrOg, and greatest

for KIO3. In the rubidium salts there is a progressive increase from the chlorate to

the bromate and the iodate. In the caesium salts the values for the bromate and iodate

are identical, and that for the chlorate is only very little lower.

§ 135. Sub-tables (d), (e), and {/) give the concentration of the mother-liquor for each

salt, expressed in three different ways. In (e) it is expressed in gram-molecules, m, of

salt per 1000 grams of water, and for none of them is the value of m as high as 0*5.

Therefore, although saturated, they cannot be called concentrated or strong solutions.

As was pointed out in § 132, these values of the concentration of the mother-liquor

are derived from its specific gravity by extrapolation from the ratios of concentration to

specific gravity in the most concentrated solutions of the salts, as given in § 26, Tables

16 to 24. This course was adopted owing to the difficulty of determining analytically

the concentration of solutions of the salts of the ennead MRO3 and the uncertainty of

the results obtained by desiccation. The dependence of the value of the concentration

on that of the specific gravity of the mother-liquor excludes certain lines of discussion

which were followed in the case of the solutions of the salts of the ennead MR.

It will be remarked that the specific gravities of the non-saturated solutions were

all determined at Id'd" C, and are referred to that of distilled water at the same

temperature as unity, while those of the mother-liquors are determined at temperatures

inferior to 19*5° C, but the specific gravity of each solution is referred to that of

distilled water of the same temperature as unity. This almost completely eliminates

any error in the determination of the concentration of the solution which might accrue

from the difference of temperature at which the specific gravities were determined. If

Table 66 in § 28 be referred to, the value of possible error due to this cause can be

ascertained for the two temperatures 19 '5° and 23° C. The concentration of the

KCIO3 solution would be given too low by 2 per cent. ; in the case of the other solutions

the error would be less than 1 per cent. But the specific gravities of the mother-

liquors were determined at temperature lower than 19*5°, and the error would be less

and in the opposite sense.

5 136. In sub-table (m) we have the vakies of —^^ . They are all positive;Dm'
therefore in every case crystallisation is accompanied by expansion. This is small in

the case of RbClOs and CsClOg, considerable in that of KCIO3 and the bromates, and

very high in that of the iodates. It is remarkable that the crystallisation of each of

the three iodates is accompanied by identical expansion.

§ 187. Finally, attention must be called to the efi"ect on the molecular displacement

in crystal of the salts of the ennead MR by the addition of O3 so as to form the

corresponding salts of the ennead MRO3.



SPECIFIC GEAVITY AND DISPLACEMENT OF SOME SALINE SOLUTIONS. 219

In the followiug table we have in the first line the values of MR, in the second and

third lines the molecular displacements MRO3/D and MR/D respectively, in the fourth

line their differences, in the fifth line their ratios, and in the sixth line the corresponding

ratios MRO3/MR of their molecular weights.

Salt. MR =

MRO3
D
ME
D

MRO3 MR
D D
MRO, /MR
D
MRO
mr"

/MR

/ D

KCl. KBr. KI. RbCl. RbBi. Rbl.

52-86 51-88 54-60 53-31 58-00 60-07

38-23 44-46 54-58 44-71 51-55 61-99

14-63 7-42 0-02 8-60 6-45 -1-92

1-38 1-17 1-00 1-19 1-12 0-97

1-64 1-40 1-28 1-39 1-29 1-41

CsCl.

60-44 63-52

CsBr. Csl.

42-31

18-13

1-43

1-28

47-82

15-70

1-33

1-22

63-52

57-67

5-85

I-IO

1-18

§ 138. Concluding Remm'ks.—These will be very short. The paper has already

expanded to an unexpected length, and yet, owing to the enormous amount of ex-

perimentally established material, the discussion of it which has been possible is far

from adequate, but an end must be made somewhere.

The Table of Contents has been drawn up in a form which constitutes it really a

recapitulation of the principal features of the paper, with reference to the paragraph and

page where they are to be found, so that the reader has no difficulty in making himself

acquainted with the matters dealt with in the paper, or in studying those which more

particularly interest him. This being so, I will content myself by indicating here the

points about the research which present the greatest interest or novelty.

Two methods of determining specific gravities are used. Neither of them is new in

principle, but there are innovations in the details of both. To take the case of the

determination of the specific gravity of a soluble salt in its own mother-liquor, the

principle is not new, because, if the common practice of determining the specific gravity

of a salt in petroleum is adopted, the liquid in which it is weighed is, or ought to be,

a saturated solution of the salt from which, as a mother-liquor, crystals of the salt can

be obtained ; but it is obvious that this is a very different case from determining the

specific gravity of chloride of caesium in its mother-liquor, which contains in solution

something like two parts of salt to one part of water. To carry out correctly this opera-

tion, the experimenter must be a trained and very experienced chemist ; but it is not

necessary to be an experienced chemist to perceive the experimental difficulties of the

operation
;

it is therefore unlikely to be attempted by unsuitable hands.

The principal method used, namely, that in which the very ancient instrument, the

hydrometer, is used, also requires to be practised by a trained and experienced chemist

if it is proposed to obtain results of the exactness recorded in this memoir. But to most
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people the hydrometer is associated with a rough-and-ready method of ascertaining the

specific gravity of liquids in public works, and in other similar places, where its use is

commonly entrusted to a workman ; and the idea of readiness, if not of roughness, is, it

may be said, habitually associated with the instrument and its use. An important part

of this paper is devoted to showing how the hydrometer has to be used if the best

results of which the instrument is capable are to be obtained from it. It will be seen

that experimental skill and perseverance, and constant attention to many minute pre-

cautions, are necessary. If this care is taken, the results will be good ; if it is not taken,

they will be bad.

When the hydrometric method is practised in the manner here specified, it is possible

to obtain the specific gravity of liquids with greater accuracy than by any other means.

Hence, in the case of saline solutions it is possible with it to carry the exact determina-

tion of the specific gravity of the solutions of a salt to much higher dilutions than is

possible by other methods. It was to experiment on solutions of such high dilution

that their specific gravities have hitherto escaped experimental determination, that

this systematic research was originally undertaken. It will be seen that the results

obtained fully justify the time and labour expended on them. It has hitherto been

the general experience that, when two equal quantities of a salt are dissolved seriatim

in a quantity of water, the diminution of the total volume of the salt and the water

produced by the dissolution of the first quantity is greater than that produced by the

further dissolution of the second quantity. It has been proved in this memoir that

for the solutions of many salts there is a concentration below which this law is reversed.

It is the first time that this has been unequivocally demonstrated. In the case of

some salts which, when dissolved so as to furnish solutions of moderate concentration,

exhibit considerable contraction, they at high dilutions exhibit an expansion, which

may cause the volume of the solution to exceed the sum of the volumes of the salt

and the water.

A similar and very remarkable feature of saturated solutions is shown in the

case of the salts of the ennead MR. In the saturated solutions of the salts of potassium

and rubidium the sum of the volumes of the salt and water is greater than that of the

solution produced, while in the case of the solutions of the caesium salts the reverse is

the case. From this it follows that increase of pressure must assist the crystallisation

of the solutions of the caesium salts, and hinder that of the solutions of the potassium

and rubidium salts.

The main purpose of this investigation was to determine the specific gravity of

solutions of moderate concentration and of high dilution. In order to use the same

hydrometer for these different classes of solutions, its weight was altered by the use of

accessory weights attached to the top of the stem. It occurred to me during the course

of the investigation that, V)y carrying this principle further, the use of the hydrometric

method, in all its delicacy, might be extended to solutions of any degree of concentration

by increasing the additions made to its weight. It was found that for our hydrometers,
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closed at the top, solutions having a specific gravity of 1 '2 could be experimented on,

but the accessory weight required was so great as almost to disturb the equilibrium of

the instrument. In order to meet this difficulty, the stem of the hydrometer was left

open, so that the internal weight or ballast could be varied at will. With the open

hydrometer so constructed, saturated and even supersaturated solutions of very soluble

salts have been experimented on, and results of the highest interest have been obtained.

The most noteworthy case is that of calcium chloride in supersaturated solution.

In it a very remarkable state of unrest was observed before crystallisation took place.

When the crystallisation of this solution is finished, the sum of the volumes of the

crystals and the mother-liquor is less than that of the original supersaturated solution.

The state of unrest which precedes the actual appearance of the first crystal consists in

a rhythmic series of isothermal expansions and contractions, which cease the moment

the first crystal appears and heat is liberated. The supersaturated solution exhibits

veritable symptoms of labour before giving birth to the crystals and becoming itself a

mother-liquor. The details of this remarkable phenomenon are to be found in Section XV.

It now only remains for me to discharge the pleasant duty of acknowledging my
obligations to the gentlemen who have acted as my assistants in the experimental work

and in the preparation of this memoir. The work has been hard and continuous, having

extended to nearly ten years, and it is impossible for me adequately to express my
thanks to these gentlemen for the intelligence, skill, and perseverance with which they

have all devoted themselves to it.

The secretarial work connected with it has been very heavy, and it has been managed

with great ability and success by Mr W. Gr. Royal-Dawson, to whom my best thanks

are due. The pages of Tables in the memoir will suggest to anyone who is familiar

with such work the amount of labour which has been expended in their preparation and

verification.

The experimental work has for nearly three years been in the hands of Mr S. M.

BoswoRTH, B.Sc, who has carried it out in a room in the Davy-Faraday Laboratory,

which was admirably suited to the purpose. My thanks are especially due to Sir James

Dewar and the Managers of that Institution for their generosity in putting it at my
disposal. Mr Bosworth's name appears several times in the text in connection with

some of the more remarkable features chronicled, more particularly in connection with

the state of unrest occurring in the supersaturated solution of calcium chloride before

crystallisation. It was owing to his confidence in the exactness of the readings of the

hydrometer which he observed in this solution, and in the reality of the discrepancies

which he observed, that the state of unrest was not only noticed but measured. Mr
BoswoRTH was preceded as my assistant by Mr H. F. Fermor, now of the Metro-

politan Water Board, to whom a large part of the experimental work recorded in the

Tables is due. His work was of the highest order, and justified his selection for the

responsible office which he now holds. Before him, my laboratory assistant was Mr H.

Royal-Dawson, brother ofMr W. Gr. Royal-Dawson, and he, like all the gentlemen whom
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I have been fortunate enough to have as assistants, attained the same high degree of

exactness in his experimental work, so soon as he perceived that, when he took the

necessary trouble with the work, it was rewarded by increased accuracy of results.

This has been my invariable experience. Comparisons of work done on solutions of the

same concentration of the same salt by Mr Royal-Dawson, and afterwards by Mr

BosWORTH, are quoted in the memoir, and they furnish evidence of the excellence of

the work put out by both these chemists.

Nearly the whole of the experimental work of this memoir has been done by the

gentlemen just mentioned. It would, however, be unjust if I did not refer to the great

and valuable work with the hydrometer done for me at an earlier date by my old and

valued friend and former assistant, Mr Andrew King of the Heriot-Watt College,

Edinburgh. The exactness of his work is of the highest order, and his intimate know-

ledge of, and sympathy with, my work for many years has been of the utmost value to

me, and I wish to take this occasion to make public acknowledgment of the debt

of gratitude which I owe to him.

APPENDIX A.

Densities of the Solutions at T.

In the following tables the specific gravities of the solutions have been reduced to

their value when referred to that of distilled water at 4" C. as unity. The factors

used for this purpose are :

—

for T= 15-0° 19-5° 23-0° 26-0°

factor- 0-999173 0-998372 0-997614 0-996879

For example, 15.815. of ^ NaCl is 1 '020564. Therefore its density 4.8150 = 0-999173 15.815. =
1-019720.

CHLORIDES. MCI.

M = Na. K. K. Rb. Cs. K. Rb. Cs.

t=

m.

1/2

14
1/8

1/16

1/32

1/64

1/128

1/256

1/512

15-0° C. 19-5° C. 23-0° C.

1-019720

1-009597

1-004427

1-001821

1-000494

0-999827
0-999495

1-022321

1-011063

1-005080

1-002123

1-000659

0-999888

0-999538

1-021312

1-010023

1-004251

1-001340

0-999859
0-999112
0-998736

0-9985G5
0-998454

1-041446

1-020204

1 009377
1-003903

1-001139

0-999770
0-999078

0-998721

0-998535

1-060842

1-030059

1-014340

1-006395

1-002400

1000396
0-999395
0-998885
0-998620

1-000531 1 003086 1-005549
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BROMIDES. MBr.

M = K. Kb. Cs. K. Rb. Cs.

T= 19-5° C. 23-0° C.

m.

1/2

1/4

1/8

1/16

1/32

1/64

1/128

1/256

1/512

1/1024

1-039583

1-019241

1-008883
1-003642

1-001006
0-999676

0-999023
0-998696
0-998530

1-059519

1029411
1-013935

1-006227

1-002310

1000326
0-999354
0-998828
0-998605
0-998450

1-079175
1-039316

1-019040

1-008764
1-003545
1-000999

0-999640
0-998978
0-998679
0-998517

1-002907

1-013316

1-005490

1-001597

0-999577

0-998598

1-018237

1007975
1-002847

1-000242

0-998943

IODIDES. MI.

M = K. Rb. Cs. K. Rb. Cs. Cs.

T= 19-5° C. 23-0° C. 26-0°C.

m.

1/2

1/4

1/8

1/16

1/32

1/64

1/128

1/256

1/512

1/1024

1-057205

1-028229
1-013451

1-005948

1-002156

1-000268
0-999220
0-998851

0-998607

0-998494

1-076665
1-038085

1-018349

1-008402

1003404
1-000873

0-999607
0-998923
0-998644
0-998518

1-096000
1-048131

1-023304

1-010880

1-004661

1-001487

0-999915
0-999108
0-998644
0-998472

1-056113

1027260
1 012568
1-005140

1001366
0-999528

0-998562
0-998100

1-017641

1-007682

1-002645

1000163
0-998878

0-998265

1022635
1-010221

1-003940
1-000769

0-999206
0-998526

1-009463

NITRATES. M'NOs and M"(N03)2.

M' or M"
Na. K. Sr". Ba". Li. N. Ba". Pb". Rb. Cs.

T= 15-0° C. 19-5° C. 23-0° C.

m.

1/2

1/4

1/8

1/16

1/32

1/64

i/128

1/256

1/512

1/1024

1-002623

1-000887

1-000036

0-999604

1-030021

1-014860

1-007140

1-003136

1-001145
1-000157

0-999663

1 004513
1-001844

1-000523

0-999838
0-999502

1-005886

1-002547
1-000865

1-000008

0-999595
0-999391

1-018047

1-008389

1-003395

1-000916
0-999660
0-999025

0-998707

1-026137

1-012472
1-005479

1-001954

1-000171

0-999271

1-011652

1-005058

1-001734
1-000079

0-999227
0-998804
0-998577

1-016131
1-007304

1-002869

1-000618

0-999498
0-998948
0-998672

1-023143
1-010648
1-004182

1-000960

0-999341
0-998567

0-998017

1-015514

1-006672
1-002139

0-999897
0-998797

0-998193
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R0«=

Tables giving a Summary of the Densities of the Solutions of different

Salts at different Temperatures.

TRIADS OF NITRATES, CHLORATES, BROMATES, AND lODATES. MRO..

M=

T =

1/2

1/4

1/8

1/16

1/32

1/64

1/128

1/256

1/512

ijie

N0„

K. Rb. Cs.

19-5*0.

028886
013880
006232
002334
000382
999374
998880

-048924

•024028

-011314

-004958

-001721

•000119

•999290

-998829

043933
016304
007397
002950
000615
999516
99)5975

C10„ BrO,.

K. Rb. Cs. Rb. Cs.

19-5° C. and ^5-0° G. 19-5° C. and ^5-0° C.

017422
•007994

-003227

•000758

•999623

•999004

•998691

0-998554

1-002362

•027478

•013027

005716
•002057

000232|l
•9992890
998830
•9985900

•037351 1

0180261
-0081811
-0033171
-0007771
•909586 0'

•9989230'

•998581 lO'

030146
•013570

•006022

002212
000290
999328
998847
998609

1-004927\1 •007Jf76\l-00516J^

1-008609

1-003487

1-000934

0^999630
0^999013

0-998691

1-007752

1

1

1-011107 1

1-0047391

l-001578|l

0-999986
0-999245
0-998746

1-010343

10,,

Rb. Cs.

19-5° C. and^5^0°C.

•042602
-020662

-009523

-003952

-001128

-999773

-999080

-998732

1-012027

1-005215
1-001771

1-000059

0-999198

014644
006501

002388

000317

999300
0-9988070-998820

1 -0087Sm -011206 1 013801

STKONG SOLUTIONS {Pyknometer).

Tables giving a Summary of the Densities of the Solutions of different

Salts at different Temperatures.

Ror
R03= CI. Br. I. NO3.

M=

T=

K. Rb. Cs. K. Rb. Cs. K. Rb. Cs. Rb. Li. Na.

19-5° C. 19-5° C, 21 -4° C. 19-5° 0. 23-rc. 19-5° C.

m.

1/2

1

2

3

4

5

6

7

8

9

10

1-0432

1-0835

1-1204

1-1543

1-0409

1-0814

1-1573

12263
1-2915

1-3519

1-4061

1-4562

1-0599

1-1060

1-2250

1-3223

1-4090

1-4931

1-5644

1-6447

1-6997

1-7561

1-0790

1-1526

1'2200

1-2832

1-3403

1-0596

1-1175

1-2261

1-3250

1-4155

1-4985

1-5746

1-1467

1-3015

1-4297

1-5516

1-6590

1-1128

1-2157

1-3097

1-3959

1-4766

1-5458

1-6115

1-6722

1-0753

11469
1-2814

1-4003

1-5077

1-6055

1 6944
1-7676

1-1718

1-3431

1-4887

1-0488

1-0964

1-1842

1-2654

1-0372

1-0730

1-1063

1-1373

1-1665

1-1940

1-2194

1-2437

1-2663

1-2885

1-0525

1-1012

1-1459

1-1871

1-2247

1-2592

1-2918

1-3231

1-3517
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APPENDIX B.

Table giving the Number of Series as well as the Number of Single Observations

made with the various Hydrometers, from which the results recorded in this

Memoir were obtained.

Hydrometer. Number
Number of

Series obtained.

of Single

Observations
Type. Designation. made.

Closed No. 3 391 3,546

)> „ 17 1287 11,583

J) n 21 511 4,599

Open A 207 2,183

1? B 164 1,616

!>
1910, No. 3 22 198

Total . 2585 23,725
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INDEX.
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meter by means of ... . 21
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Remarkable state of unrest in a super-

saturated solution of . . . . 185-196

Tables of specific gravities of solutions of . 171,

179, 190-192

Challenger, Hydrometer used on board the. . 20

Laboratory on board the .... 24

Concentration, Change of displacement pro-

duced in a solution by change of . . 116-131

Crystallisation, Analogy between formation of

ice and 199

Heat liberated during .... 188

Remarkable state of unrest in a solution of

calcium chloride preceding . . . 185-196

Displacement, Difference of . . . 61-72, 102
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Observations, Scheme for logging . . .38, 167
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XV 1 11 1 6 Pt. 2 1 16 6 1 7 6 „ Pt. 2 5 8 19 4

XX. Pt. 1 18 14 Pt. 3 1 16 „ Pt. 3 7 3 1 11

XXII. Pt. 2 10 7 6 XXXVII. Pt. 1 1 14 6 1 5 6 XLVII. Pt. 1 19 9 15

„ Pt. 3 1 ^ 9 1 1 „ Pt. 2 1 1 16 „ Pt. 2 3 17 4

XXVII. Pt. 1 16 12 „ Pt. 3 16 12 „ Pt. 3 10 15 8

„ pt:2 6 4 6 „ Pt. 4 7 6 5 8 ., Pt. 4 7 7 1 9

„ Pt. 4 1 16 XXXVIII. Pt. 1 2 1 10 XLVIII. Pt. 1 2 9 17 2

XXVIILPt.l 1 5 1 1 Pt. 2 1 5 19 » Pt. 2 9 6 1 2 5

„ Pt.2 1 5 1 1 Pt. 3 1 10 1 3

„ Pt. 3 18 13 6 „ Pt. 4 7 6 5 8

-XXIX. Pt. 1 1 12 1 6 XXXIX. Pt. 1 1 10 1 3 XLIX. Pt. 1 7 6 7 6

„ Pt. 2 16 12 Pt. 2 19 14 6

XXX. Pt. 1 1 12 1 6 l^t. 3 2 3 1 11

„ Pt. 2 16 12 Pt.4 9 7

„ Pt. 3 5 4 XL. Pt. 1 1 5 19
1

„ Pt. 4 7 6 5 8 „ Pt.2 1 12 6 1 5 6 >

XXXI. 4 4 3 3 „ Pt.3 1 6 19 6

XXXII. Pt. 1 1 16 „ Pt.4 1 16

„ Pt. 2 18 13 6 XLI. Pt. 1 1 1 15 9

„ Pt. 3 2 10 1 17 6 „ Pt.2 1 9 6 1 2

„ Pt.4 5 4 „ Pt.3 2 5 1 13 6

* Vol. XXXV., and those which follow, may be had in Numbers, each Number containing a complete Paper.

January 1912.—Volumes or parts of volumes nc.*^^ mentioned in the above list are not for the present on sale

to the public. Fellows or others who may specially desire to obtain them must apply direct to the Society. As

the Society reprints from time to time parts of its publications which have become scarce, the absolute correctness

of this list cannot be guaranteed beyond this date.
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n.—The Antarctic Fishes of the Scottish National Antarctic Expedition. By

C. Tate Regan, M.A., Assistant in the British Museum (Natural History). Com-

municated by Dr W. S. Bruce. (With Eleven Plates and Six Text-figs.)

(MS, received June 18, 1912. Read December 16, 1912. Issued separately May 23, 1913.)

Our knowledge of the Antarctic fish-fauna has greatly increased during the last

ten years. The Belgian expedition to Graham Land (1897-1899) was followed by

that of the Southern Cross to Victoria Land (1898-1900), fitted out by Sir George

Newnes. Next were the British expedition of the Discovery to Victoria Land and

Edward Land (1901-1904), the German voyage of the Gauss to Kerguelen and Wilhelm

Land (1901-1903), and Nordenskjold's Swedish expedition to South Georgia, the South

Shetlands, and Graham Land. Then came the voyage of the Scotia to the South

Orkneys and Coats Land (1902-1904), and Charcot's expeditions to the Palmer

Archipelago and Graham Land in the Fran<^ais (1904-1905) and the Pourquoi Fas?

(1908-1910), and finally Shackleton's expedition (1908-1909).

The fishes collected during these expeditions have been described in a series of

reports, which may be enumerated in chronological order :

—

1902. BouLENGER, Pisces in ''Southern Cross" Collections, pp. 174-189, pis. xi.-xviii.

1904. DoLLo, Res. Voy. " Belgica" : Poissons, 240 pp., 12 pis.

1905. LoNNBERG, "The Fishes of the Swedish South Polar Expedition," Wisseiiscli. Ergehn.

Schwedisch. Siidpolar-Exped., v. 6, 69 pp., 5 pis.

1906. Vaillant, Ex'ped. Antard. Frangaise : Poisso7is, 51 pp.

1907. BouLENGER, Natwiial Antarctic Expedition, Nat. Hist.: II., Fishes, 5 pp., 2 pis.

1911. Waite, ^'^ Ania.xcticYis\i&B," \n British Antarctic Expedition, 1907-9: Biology, -p-p. 11-16,

pi. ii.

1912. Pappenheim, "Die Fische der Antarktis und Subantarktis," in Deutsche Siidpolar-Exped.,

1901-1903 : XIIL, Zool, v. pp. 163-182, pis. ix.-x.

Dr DoLLO presented several preliminary notes in the Proceedings ofthe Royal Society

of Edinburgh* on the fishes of the Scottish National Antarctic Expedition.

The fishes of the second Charcot expedition have been worked out by Professor

Roule, who has published two preliminary notes {C.R. Acad. Sci. Paris, cliii., 1911, pp.

80-81, and Bull. Mus. Paris, 19 U, pp. 2 76-2 81), but the final report has not yet appeared.

The important collection of fishes here reported on was made at the Falkland Islands,

the South Orkneys, Coats Land, and Gough Island, and in the Weddell Sea and South

Atlantic Ocean between these localities. As will be seen from the systematic list that

follows, it includes examples of forty-eight species, ten of which are now described as

new to science, whilst three others, known before but wrongly identified, are diagnosed

and given new specific names ; in addition, four species have already been described by

* Proc. Roy. Sac. Edin, xxvi., 1906, p. 172 ; xxviii., 1908, p. 58 ; xxix., 1909, p. 316.
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Dr. DoLLO, in whose liands the greater part of the collection has been from 1905 until

March 1912.

The identification of the Notothenioids and Zoarcids has proved a difficult matter in

the present state of our knowledge of these groups, and I have supplemented my report

by a monograph of the former and a revision of the southern genera of the latter

;

further, I have added some notes on the G-alaxiidse and Haplochitonidse, as their distri-

bution has given rise to some discussion.

My work on the Notothenioids and Zoarcids is mainly based on the specimens in the

British Museum, including the Erebus and Terror, Challenger, Southern Cross and

Discovery collections, but I have been greatly helped by the loan of specimens from

the Museums at Paris, Berlin, and Stockholm. Thus I have been able to examine all

the species of Notothenia recorded by Vaillant from Graham Land, two of the three

species of Zoarcids recently described by Pappenhkim from Wilhelm Land, and

co-types of some of the Notothenioids described by Lonnberg. For their kindness

in sending me these fishes, and in giving me information about others that could not

be sent, I heartily thank Dr Pellegkin, Dr Pappenheim, and Dr Lonnberg.

It need hardly be said that the fishes lend no support to the theory of bipolarity.

Most of the littoral fishes belong to the Nototheniidse and related families, which are

characteristic of and peculiar to the Antarctic seas and the region immediately to the

north of them ; there are also several species of Zoarcidse, generically distinct from

the northern members of the family. Some of the pelagic and abyssal fishes are

Notothenioids peculiar to the Antarctic region ; others also, such as Notolepis, Cynoma-

crurus, and Eugnaihosaurus, may not be found elsewhere ; but the rest belong to

widely distributed genera {Synaphohranchus, Bathylagus, Myctophum, etc.) or even

species (e.g. Cyclothone microdon).

In the whole paper the following seven new genera and twenty-one new species

are described :

—

New Genera.

Eugnaihosaurus, p. 234.

0])Iithalmoli/cus, p. 243.

AustrolyciclitJtys, p. 244.

Austroltjcus, p. 245.

Bathylagus glacialis, p. 231.

Eugnatliosaurus vorax, p. 234.

Synaphohranchus australis, p. 235

Chalinura ferrieri, p. 236.

,, icMtsoni, p. 236.

Cxstoperca coafsn, ]>. 237.

Neophrynichthys marmoratus, p. 241.

Lijcenclielys antarcticus, p. 242.

Audrolycus depressiceps, p. 245.

Crossolycus diilensis, p. 247.

CoUoperca macropJithahita, p. 253.

New Species.

Crossolycus, p. 247.

Pagetopsis, p. 286.

Chxnoceplialus, p. 287.

Bovickthys angustifrons, p. 255.

,, chilensts, p. 256.

,, decipiens, p. 257.

Trematomus loennberyii, p. 263.

Notothenia trigramma, p. 266.

„ ramsayi, ji. 267.

,, wiltoni, p. 268.

., vaillanti, p. 272.

Chxnichtliys ruyosus, p. 287.

Cryodraco pappenheimi, p. 289.
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I. Antarctic and Subantarctic Fishes collected by the "Scotia."*

SELACHII.

Raid.e.

1. Raia magellanica, Steind. (PI. I.)

Znol. Jahrb. SuppL, vi., 1905, p. 212.

One specimen from Station 346, Burdwood Bank, depth 56 fathoms; taken on

1st December 1905. f.at. 54° 25' S., long. 57° 32' W. ; temperature 41-8° F.

This is a female of exactly the same size as Steindachner's type, and apparently in

every way similar, except that there is only a single scapulary spine, instead of a series

of three on each side.

This species is related to R. murrayi, Giinth., from Kerguelen, but has a blunter

snout, a shorter tail, and somewhat different spination.

ISOSPONDYLI.

Clupeid^.

2. Clupea /uegensis, Jenyns.

Zool. " BeagI''," Fish., p. 133 (1842); Smitt, Biliang. Svensk. Vet.-Akad., xxiv., 1898, iv.. No. 5,

p. 59, pi. V. fig. 41

Depth of body 4 to 5 in the length. Lower jaw very prominent ; minute teeth in

a single series on the palatines and in an elongate patch on the tongue. Dorsal 17-18
;

origin equidistant from anterior edge of eye and base of caudal fin. Anal 17-20.

Origin of pelvics vertically below that of dorsal. About 50 scales in a longitudinal

series ; ventral scutes not prominent.

Several specimens, up to 170 mm. in total length, taken at Station 118, Port

Stanley, Falkland Islands, in February 1904, when extraordinary shoals of this herring

visited Port Stanley Harbour.

Argentinid^.

3. Bathylagus glacialis, sp. n. (PI. IX. fig. 2.)

Depth of body 6 to 6^ in the length, length of head 4-^ to 4|-. Diameter of eye

2i to 2^ in the length of head, interocular width 3, interorbital width 6. Dorsal 10
;

origin nearer to end of snout than to base of caudal. Anal 1 8. Pelvics 8-rayed,

inserted below middle of dorsal. About 35 scales in a longitudinal series.

* a series of nine water-colour drawings made by Mr Cuthbertson for the most part represent fishes from Scotia

Bay, Soiith Orkneys, viz. Notolepis coatsii, Harpagifer bispitiis, Trematomus newnesii, Notothenia coriiceps, N. nudifrons,

and N. gibberifrons ; there is also a sketch of Lycenchelys antarcticus. In one or two cases I have referred to these

in the text.
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There are five examples of this new species, 70 to 100 ram. in total length :

—

1. Station 398, 68° 25' S., 27° 10' W., 1 to 1000 fathoms; surface temperature

30° F. ; vertical net ; 29th February 1904.

2. Station 422; 68° 32' S., 12° 49' W., to 800 fathoms; surface temperature

31-1° F. ; temperature at 800 fathoms 32-4° F. ; vertical net; 23rd March

1904.

3. Station 414, 71° 50' S., 23° 30' W., to 1000 fathoms; surface temperature

29-1° F. ; vertical net; 15th March 1904.

4. Station 417, 71° 22' S., 16° 34' W., 1410 fathoms; temperature at 1410

fathoms 31-9° F. ; trawl; 18th March 1904.

5. Station 418, 71° 32' S., 17° 15' W., 1221 fathoms; temperature at 1221

fathoms 31-9° F. ; trawl ; 19th March 1904.

Baihylagus antarcticus, Giinth., is distinguished by the less graceful form (depth

5 in the length) and the longer anal fin with 22 rays. Bathylagiis gracilis, another

Antarctic species recently described by Lonnberg, has the interorbital space very

narrow and deeply concave, and about 41 scales in a longitudinal series.

Other species of Bathylagus have been described from the South Atlantic (Gunther,

Lonnberg), the North Atlantic (Goode and Bean), and the North Pacific (Gilbert).

Galaxiid^.

4. Galaxias attenuatus, Jenyns.

Two examples from Port Stanley and Port Harriet, Falkland Islands, Station 118.

5. Galaxias maculatus, Jenyns.

Several from Port Harriet, Station 118.

Haploghitonid^.

6. Haplochiton zebra, Jenyns.

One specimen from Port Stanley, Falkland Islands, in fresh water, Station 118.

Stomiatidje.

7. Stomias boa, Kisso.

One from Station 451, 48° 06' S., 10° 5' W., 1742 fathoms; trawl; 13th April

1904.

8. Cyclothone microdon, Giinth.

Small examples of this widely distributed species were taken at three stations, viz.

—

Six at Station 450, 48° 00' S., 9° 50' W., 1332 fathoms; surface temperature

40-0° F. ; trawl; 13th April 1904.

One at Station 422, 68° 32' S., 12° 49' W., 0-800 fathoms ; temperature at 800

fathoms 32-4° F. ; vertical net; 23rd March 1904.

Four at Station 414, 71° 50' S., 23° 30' W., 0-1000 fathoms; surface tempera-

ture 29-1° F. ; vertical net ; 15th March 1904.
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INIOMI.

SUDID^.

9. Notolepis coatsii, Dollo.

Proc. Roy. Soc. Edin., xxviii., 1908, p, 58.

Prymnothonus (part.), Glinth., ''Challenger" Pelagic Fish, p. 39, pi. v. fig. D (1889).

., Hookeri (non Richards.), Dollo, Proc. Boy. Soc. Edin., xxvii., 1907, p. 35.

Depth of body 6|- in the length, lengt*h of head 5 ; snout half the length of head

;

diameter of eye 6^ in the length of head. Teeth rather small, pointed, uniserial, in

jaws and on palatines. Dorsal 8 ; origin nearly equidistant from head and base of

caudal ; adipose fin rather long and low. Anal 28. Caudal with numerous procurrent rays.

Pectorals narrow, about ^ length of head. Vent below anterior part of dorsal. Scales

deciduous. Myotomes 82, 34 in advance of dorsal fin. Silvery white ; back bluish.

It is with some difficulty that I have put together the above description of the type of

the species, 105 mm. in total length, taken at the surface in Scotia Bay, South Orkneys.

The specimen is in very bad condition,* and everything that one touches falls off";

hence it is not surprising that I cannot see the small pelvic fins described by Dollo.

In a paper on the classification of the Iniomi [Ann. Mag. Nat. Hist. (8), vii., 1911,

pp. 120-133) I have already called attention to the fact that Dollo's family Pa.ralepidae

is not a natural group, and that Notolepis diff"ers from Paralepis apparently only in

the greater length of the adipose fin, a character of very slight importance to anyone

familiar with the species of Siluroids.

Larval and post-larval examples of this species that I have examined are :

—

1.— 44 mm. ;
62° 26' S., 95° 44' E. Challenger collection.

2.—50 mm. ; at Station 422, 68° 32' S., 12° 49' W., 10-800 fathoms; tempera-

ture at 800 fathoms 32*4° F.; 23rd March 1904. Scotia collection.

3-5.-38 to 56 mm. ; at Station 414, 71° 50' S., 33° 30' W., 0-1000 fathoms;

surface temperature 29 '1° F. ; 15th March 1904. Scotia collection.

Except that the teeth are relatively stronger and the eye larger, specimens 1 and 2

are extremely similar to the type, and agree with it in the number of fin-rays and

of myotomes ; I cannot find any pelvic fins, nor ascertain the position of the vent, but

the eight-rayed dorsal fin is distinct in both.

Specimens 3 to 5 are the ones described by Dollo as Prymnothonus hookeri ; these

evidently belong to the same species as the other examples, with which the larger one

agrees in the head, dentition, and approximate number of myotomes. In the smaller

ones the head is relatively smaller and the snout shorter. I am unable to make out

the fins, or position of vent, and I am very doubtful as to whether the so-called

embryonic anal fringe is an actual structure present in the living fish.

Dr Dollo named this species in honour of the late Mr James Coats, junr., of Paisley,

whose generosity was the chief means of assuring the dispatch of the Scottish National

Antarctic Expedition.

* This is regrettable, as this specimen was originally so perfectly preserved and was brought home in perfect

condition, and was acknowledged to have been received by Dr Dollo " eii hon e'tat."—W. S. B., Editor.
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Myctophid^.

10. Myctophum antarcticum, Giinth.

Specimens were taken at :

—

Station 309, 63° 51' S., 41° 50' W., 2300 fathoms; temperature 31 05° F.
;

trawl; 16th March 1903.

Station 414, 71° 50' S., 23° 30' W., 0-1000 fathoms; surface temperature

29-1° F. ; vertical net ; 15th March 1904.

Station 422, 68° 32' S., 12° 49' W., 0-800 fathoms; surface temperature

327° F. ; temperature at 800 fathoms 32-4°; vertical net ; 23rd March 1904.

1 1. Lampanyctus hrauey-i, Lonnberg.

One specimen was taken at Station 420, lat. 69° 33' S., 15° 19' W., 2620 fathoms,

by the trawl, on 21st March 1904 ; temperature 31'5° F. The species was previously

known only from the type.

Alepidosaurid^.

Eugnathosaurus, gen. nov.

Skull very elongate and strongly compressed, with the upper surface somewhat

convex, bearing a fairly prominent median ridge. Snout and lower jaw much produced,

each ending in a fleshy appendage ; lower jaw projecting beyond upper ; suspensorium

directed obliquely forward. Teeth pointed, uniserial
;

prsemaxillary teeth minute

;

mandibulary teeth sub-conical, erect or somewhat retrorse, strongest in the middle of

the length of the jaw, more spaced posteriorly
;

palatine teeth strong, compressed,

curved somewhat forward.

12. Eugnathosaurus vorax, sp. n.

The type of this remarkable new genus and species is a head, measuring 150 mm.

in length from tip of snout to end of operculum, taken in the trawl on 18th March 1904,

Fig. 1.

—

Eugnathosaurus vorax.

at Station 417, in lat. 71° 22' S., long. 16° 34' W., off" Coats Land, at a depth of 1410

fathoms, by the trawl; temp. 3 1*9° F. That it is related to Alepidosaunus is evident,
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but the form of the skull, the produced jaws, and the different mandibulary and palatine

dentition distinguish it from that genus ; the antrorse palatine teeth are especially

peculiar.

The dentaries of a second specimen were taken at the same locality.

APODES.

Synaphobranchid^.

13. Synaphohranchus australis, sp. n. (PI. VIII. fig. 5.)

Synaphobranchus hathybius (part.), Giinth., " Ghallenger" Deep-Sea Fish, p. 254 (1887).

The Challenger specimen, 350 mm. in total length, was taken midway between the

Cape of Good Hope and Kerguelen, at a depth of 1375 fathoms, The Scotia example

was obtained on 13th April 1904, at Station 451, in 48° 06' S., 10° 5' W., at a depth

of 1742 fathoms, and measures a total length of 470 mm. The species belongs to

the sub-genus Histiohranchus, Gill, which includes also S. hathyhiiis, Giinth., and

S. infernalis, Gill. All three are closely related, diifering as follows :

—

Eye nearer to end of snout than to angle of mouth ; origin of dorsal above base of

pectoral, its distance from end of snout rather less than ^ that from end of

snout to vent .......... hathybius.

Eye about equidistant from snout and angle of mouth ; origin of dorsal above

posterior part of pectoral, its distance from end of snout somewhat more than

\ that from end of snout to vent ...... infernalis.

Eye about equidistant from snout and angle of mouth ; origin of dorsal a little

behind end of pectoral, its distance from end of snout about 2^ in that from

end of snout to vent ......... australis.

ANACANTHINI.

Macrurid^e.

Four species of this family were obtained by the Scotia in Antarctic seas, all belong-

ing to the sub-family Macrurinse (cf. Ann. Mag. Nat. Hist. (7), xi., 1903, pp. 459-466),

and to genera with the teeth in the lower jaw uniserial.

14. Nematonurus lecointei, Dollo.

Res. Voy. " Belgica," Poiss., p. 44, pi. vii. (1904) ; Proc. Roy. Soc. Edin., xxix , 1909, p. 488.

The type was taken in 70° 40' S., 102° 15' W., depth 1526 fathoms. The Scotia

examples are from : (1) Station 313, 62° 10' S., 41° 20' W., 1775 fathoms; temperature

31-0° F.; trawl; 18th March 1903. (2) Station 451, 48° 06' S., 10° 05' W., 1742

fathoms; 13th April 1904..
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The praemaxillary teeth are biserial, except posteriorly, where the inner series is

replaced by three, forming a narrow band.

15. Chalinura ferrieri, sp. n. (PI. II. fig. 1.)

Snout rather strongly produced (for a Chalinura) ; mouth wide, the maxillary

nearly reaching the vertical from posterior edge of eye ; infraorbital ridge fairly

prominent. Diameter of eye less than length of snout, 4f in length of head ; inter-

orbital width 4. Dorsal 119; distance from second dorsal a little more than f the

length of head. Origin of anal at distance from head equal to length of head without

snout. Pectoral 18 or 19-rayed, f the length of head, extending to above origin of

anal. Pelvics 11 -rayed, the outermost ray filamentous, reaching anal. Scales mostly

with 3 parallel series of spinules, but the lateral series sometimes reduced to a single

spine, or absent ; 8 scales between dorsal fin and lateral line.

A single specimen, 230 mm. in total length, from Station 417, 71° 22' S., 16° 34' W.,

1410 fathoms, off" Coats Land; temperature at 1400 fathoms 3r9° F. ; trawl; 18th

March 1904.

This species is named after James G. Ferrier, Esq., F.R.S.Gr.S., Hon. Secretary of

the Scotia Committee.

16. Chaliyiura ivhitsoni, sp. n. (PI. II. fig. 2.)

Snout rather produced (for a Chalinura) ; maxillary extending to below posterior

margin of pupil ; infraorbital ridge prominent. Diameter of eye more than length of

snout, 2f to 3^ in length of head ; interorbital width 4 to 4;^. Dorsal II 9-10 ; dis-

tance from second dorsal \ the length of head. Origin of anal at distance from head

equal to length of head without snout. Pectoral 18-19-rayed. Pelvic 9-rayed, the

outermost ray filamentous, not reaching anal. Scales with 1 series of spinules, but

some on sides of head with 3 series converging anteriorly ; 7 scales between dorsal fin

and lateral line.

Two specimens :

—

1. 420 mm.; Station 451, 48° 6' S., 10° 5' W., 1742 fathoms; trawl; 13th

April 1904.

2. 270 mm.; Station 417, 71° 22' S., 16° 34' W., 1410 fathoms, off" Coats Land;

temperature at 1400 fathoms 31-9° F. ; trawl ; 18th March 1904.

This species is named after T. B. Whitson, Esq., C.A., Hon. Accountant of the

Scotia Committee.

17. Cynomacrurus piriei, Dollo. (PL III. fig. 1.)

Proc. Roy. Soc. Edin., xxix., 1909, p. 316.

The type of the genus and species, a specimen of 300 mm., was obtained by the

Scotia at Station .4 14, 7 1° 50' S., 23° 30' W., in a depth 0-1000 fathoms, surface tempera-

ture 31*5° F., vertical net, on 15th February 1904. The dentition is very characteristic

;

in the prsemaxillaries a narrow band of unequal teeth separated by an interspace from a
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marginal series of small teeth with a strong pair of antero-lateral canines ; in the lower

jaw teeth strong, spaced, unequal, uniserial.

Other important characters are the large terminal mouth with lateral cleft, the

absence of a barbel, the small eye, and the slender, smooth dorsal spine. The pelvic fins

are 7-rayed, and in counting 12 Dr Dollo must have reckoned divided rays as two.

This species was named by Dr Dollo after Dr J. H. Harvey Pirie, bacteriologist,

geologist, and surgeon of the Scotia.

PERCOMORPHI.

Serranid^.

18. Csesioperca coatsii, sp. n. (PI. VI. fig. 1.)

Depth of body 2f to 3| in the length, length of head 2f to 3. Diameter of eye 2^

to 2| in length of head, interorbital width 4^ to 5. Interorbital region flat ; maxillary

extending to below middle of eye ; 21 to 24 gill-rakers on lower part of anterior arch.

Dorsal X, 15-18; third or fourth spine longest, nearly twice as long as last, f to |-

length of head. Anal III 8 ; second spine longest, as long as or longer than longest

dorsal spine. Pectoral shorter than head, asymmetrical, the rays increasing to the

tenth, counting from above, or seventh, from below. Caudal truncate. About 40 scales

in a lateral longitudinal series and 45 in the lateral line, which forms an angle on the

caudal peduncle. Pale reddish brown, with traces of alternating darker and paler longi-

tudinal bands ; upper half of spinous dorsal blackish, or with a series of blackish spots.

Gough Island. Several specimens, up to 135 mm. in total length, taken at Station

461, 40° 20' S., 9° 56' W., off" Gough Island, at a depth of 100 fathoms; surface

temperature 54-5° R; trawl; 23rd April 1904.

This species is of considerable interest, as its three congeners are found on the coasts

of South Australia, Tasmania, and New Zealand. These are distinguished by their

longer pectoral and emarginate caudal fins, and by the convex interorbital region ; but

I am unable to find any characters which would justify the establishment of a new

genus for the new species. The pectoral fin of C. rasor is almost as asymmetrical, and

I find that the flatness of the interorbital region of C. coatsii is not associated with any

difference in the essential structure of the frontal bones, which are, as in C. lepidoptera,

smooth and convex posteriorly, and anteriorly consist of a pair of supraorbital flanges

and of a median depression bordered by muciferous canals.

t have pleasure in naming this species after Major Andrew Coats, D.S.O., a

member of the Scotia Committee, a most generous donor to the funds of the Scottish

National Antarctic Expedition, and himself a polar explorer.

Atherinid^.

19. Basilichthys laticlavia, Cuv. and Val.

Several small specimens from Station 118, Port Stanley Harbour, Falkland Islands,

51° 41' S., 57° 51' W. ; shore.
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ZOARCID^.

20. Iluocoetes Jimhriatus, Jen5ms.

Station 118, Port Stanley, Falkland Islands, 51° 41' S., 57° 51' W. ; shore.

21. Austrolycus depressiceps, Regan.

Several small specimens from Station 118, Port Stanley, Falkland Islands, 51° 41' S.,

57° 51' W. ; shore. This species is described on p. 245.

22. Phucocoetes latitans, Jenyns.

Four small specimens from Station 118, Port Stanley, Falkland Islands, 51° 41' S.,

57° 51' W. ; shore.

23. Lycenchelys antarcticus, Regan.

This new species is described on p. 242, from a single specimen from Station 313,

62° 10' S., 41° 20' W.; depth 1775 fathoms; temperature 31-0° F. ; trawl; 18th

March 1903.

Brotulid^.

24. Neohythites hrucei, Dollo. (PI. III. fig. 2.)

Proc. Roy. Soc. Edin., xxvi., 1906, p. 172.

Depth of body 6^ in the length, length of head 5, or If in its distance from origin

of anal. Diameter of eye 13 in length of head, equal to width of posterior nostril;

maxillary extending well behind eye
;
palatine bands of teeth broad ; no prseopercular

spines
;
gill-membranes united for a short distance to each other and to isthmus

;

15 gill-rakers on lower part of anterior arch. About 125 scales in a longitudinal series.

Dorsal 108 ; origin behind base of pectoral. Anal 86. Pectoral nearly as long as

head
;
pelvics f the length of head, 2-rayed, each ray simple, expanded distally into an

ovate blade.

The type, 350 mm. in total length, was taken at Station 291, 67° 33' S., 36° 35' W.

;

depth 2500 fathoms; trawl; 7th March 1903.

From most species of Neohythites this species differs in the gill-membranes attached

to the isthmus and the oar-shaped pelvic rays, and I should be inclined to recognise

Garman's genus Holcomycteronus for this species and N. digittatus, had not Garman

stated that the form of the pelvic rays is variable in the latter.

This species was named by Dr Dollo after Dr W. S. Bruce, leader of the Scottish

National Antarctic Expedition.

BOVICHTHYID^.

25. Cottoperca gohio, Giinth.

Station 349, 51° 41' S., 57° 51' W., Port William, Falkland Islands; shore.
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26. Cottoperca macrophthalma, Regan.

At Station 346, 54° 25' S., 57° 32' W., Burdwood Bank; 56 fathoms; surface

temperature 4r8° F. ; otter trawl; 1st December 1903. This new species is described

on p. 253.

27. Bovichthys diacanthus, Carmich.

A specimen of 120 mm. from Gough Island. On comparison with Cliilian examples

of the species usually known as B. diacanthus, I find that they are distinct {cf. p. 256).

NOTOTHENIID^.

28. Harpagifer hispinis, Forst.

Several examples from Station 118, Porb Stanley, Falkland Islands, and Station 325,

Scotia Bay, South Orkneys—the latter a new record of locality for this species.

29. Trematomus newnesii, Bouleng.

Station 325, Scotia Bay, South Orkneys.

30. Trematomus horchgrevinkii, Bouleng.

Station 325, Scotia Bay, South Orkneys.

31. Trematomus hernacchii, Bouleng.

Station 325, South Orkneys.

32. Trematomus hansoni, Bouleng.

Station 411, Coats Land, 161 fathoms.

33. Notothenia tngram,ma, Regan.

This new species, from Station 118, at the Falkland Islands, is described on p. 266.

34. Notothenia ramsayi, Regan.

This new species, from Station 346, the Burdwood Bank, is described on p. 267.

35. Notothenia tesselata, Richards.

Station 118, Port Stanley, Falkland Islands.

36. Notothenia wiltoni, Regan.

Examples of this new species, described on p. 268, were taken by the Scotia at

Station 118, Port Stanley, Falklands, and at Station 346, the Burdwood Bank.

37. Notothenia hrevicauda, Lonnb.

Station 118, Port Stanley, Falkland Islands.
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38. Notothenia sima, Richards.

Station 118, Port Stanley, Falkland Islands.

39. Notothenia gihherifrons, Lonnb.

Station 325, Scotia Bay, South Orkneys.

40. Notothenia nudifrons, Lonnb.

Station 325, Scotia Bay, South Orkneys.

41. Notothenia coriiceps, Richards.

South Orkneys ; common at Station 325, Scotia Bay.

42. Notothenia cornucola, Eichards.

Station 118, Port Stanley, Falkland Islands.

43. Notothenia, rossi, Richards.

Station 325, Scotia Bay, South Orkneys,

44. Eleginops maclovinus, Cuv. and Val.

Station 118, Port Stanley, Falkland Islands.

Bathydraconid^.

45. Bathydraco scotise, Dollo.

Station 417, 71° 22' S., 16° 34' W., off Coats Land, at a depth of 1410 fathoms.

This species is described on p. 282.

SCLEROPAREl.

SCORP^NIDAE.

46. Sebastes maculatus, Cuv. and Val.

Specimens from Station 461, Gough Island, at 25 fathoms and 100 fathoms, the

latter witli Ciesioperca coatsi.

47. Sebastes capensis, Gmel.

A small specimen taken at Station 461, Gough Island, with the preceding; both

these species are found at the Cape of Good Hope.
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PSYCHROLUTID^.

48. Neophrynichthys marmoratus, sp. n.

Neophrynichthys latus (non Hutton), Giinth., Proc. Zool. Soc, 1881, p. 20, pi. i.

In this species the dermal appendages on the head and anterior part of the body are

much larger and set further apart than in N. latus. Another striking difference is the

narrower interorbital region, its width measuring only ^ of the length of the head in

N. marmoratus, but f in its congener from New Zealand. The dorsal rays number

IX-X, 15-16, the anal 11 or 12 ; the caudal is more rounded than in N. latus.

The irregular marbling gives this fish a very different appearance from the New

Zealand form, with its definite pale spots separated by a brown network.

Three specimens, two in the British Museum collection, from the Straits of

Magellan, 320 and 390 mm. in total length, and one of 160 mm. obtained by the Scotia

at Station 346, 54° 25' S., 57° 32' W., Burdwood Bank, 56 fathoms; surface

temperature 41*8° F. ; otter trawl ; 1st December 1903.

II. A Revision of the Zoarcid^ of Southern America and the Antarctic.

The Zoarcidge are principally a northern family, and so far as I am aware none is

known from South Africa, Australia, or New Zealand. Two northern deep-water genera,

Lycenchelys and Melanostigma, are represented in the Antarctic Regions, but the littoral

species, with those of South America and the adjacent islands, all belong to genera

distinct from the northern ones."* There has hitherto been much confusion as to the

characters of these genera and species, which it is the object of this revision to clear up.

Synopsis of the Genera.

I. Pelvic fins present ; mouth subterminal.

A. Snout and lower jaw without fringes.

1. Origin of dorsal fin well behind base of pectoral
;
gill-opening cleft

downward nearly or quite to lower end of base of pectoral.

Teeth uniserial or biserial in jaws, uniserial on palatines ; tail long and

slender . . . . . . . . .1. Lycenchelys.

Teeth in jaws triserial ; two teeth near anterior end of each palatine ; tail

moderately elongate...... 2. Ophthalmolycus.

2. Origin of dorsal fin above base or anterior part of pectoral
;

gill-

opening cleft downward at least to middle of base of pectoral.

a. Mouth large, with wide lateral cleft
;
gill-opening cleft down-

wards almost or quite to lower end of base of pectoral

;

teeth in jaws uniserial, with anterior canines in the upper

and lateral canines in the lower.

* The habitat of Gymnelis pidus, Giinth., is unknown, and there is no justification whatever for the statement
that it comes from Magellan Straits.
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Teeth on Tomer and palatines ...... 3. Iluoccntes.

Palate toothless ....... 4. Lycodichthys.

h. Mouth moderate, with short lateral cleft ; teeth in jaws

uniserial laterally, usually bi- or tri-serial anteriorly ; no

well marked canines ; teeth on palate.

Head not depressed
;
gill-opening cleft downward nearly to lower end of

base of pectoral ...... 5. Austrolycichthys.

Head depressed
;
gill-opening cleft downward only to middle of base of

pectoral ......... 6. Austrolycus.

3. Origin of dorsal fin above base of pectoral
;

gill-opening small,

above the pectoral ; teeth in upper jaw uniserial, in lower bi-

or tri-serial ; teeth on palate . . .7. Phucoccetes.

B. Snout and lower jaw with dermal fringes
;
palate toothless.

Teeth conical, bi- or tri-serial
;

gill-opening almost entirely above the

pectoral . . . . . . . . .8. Crossolycus.

Teeth incisor-like, uniserial
;

gill-opening cleft downward to middle of

base of pectoral . . . . . . . .9. Platea.

11. No pelvic fins ; mouth terminal ; origin of dorsal just behind head ; teeth

uniserial, in jaws and on vomer and palatines.

Gill-opening cleft downward to middle of base of pectoral . 1 0. Maynea.

Gill opening above base of pectoral . . . .11. Melanostigma.

1. Lycenchelys, Gill, 1884.

Proc. Acad. Philad., p. 110.

Form elongate, with the tail long and slender ; mouth subterminal ; teeth in jaws

slender, uni- or bi-serial ; teeth on vomer
;
palatine teeth uniserial. Gill-opening rather

wide, cleft downwards to lower end of base of pectoral. Dorsal origin well behind head
;

pelvic fins present.

Lycenchelys antarcticus, sp. n. (PI. IX. fig. 8.)

Depth of body 16 in the length, length of head G and equal to its distance from

origin of anal fin. Head as broad as deep, its breadth a little more than ^ its length.

Snout twice as long as diameter of eye, which is 6 in length of head ; interorbital

width about 16. Muciferous channels of sides of head and lower jaw with large pores.

Lower jaw included ; teeth in jaws rather slender and obtuse, uniserial, biserial near

symphysis of lower jaw; teeth on palate acute, wide-set. About 110 rays in dorsal

fin, 9 in caudal, 103 in anal; origin of anal ^ as distant from vertical through origin

of dorsal as from that through base of pectoral, which fin is a little more than ^ as long

as head. Bluish grey ; head darker ; fins brownish grey.

A single specimen, 128 mm. in total length, from near the South Orkneys, Station
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313, 62' 10' S., .41° 20' W., depth 1775 fathoms; bottom temperature 31-0° F. ;

trawl; 18th March 1903.

The few species of this genus hitherto described are from deep water north of the

Equator.

2. Ophthahnolycus, gen. nov.

Form elongate, compressed. Mouth subterminal ; teeth rather slender and acute,

in about 3 series in both jaws ; no canines ; 3 teeth on vomer and 2 near anterior end

of each palatine. Gill-opening rather wide, cleft downwards nearly to lower end of

base of pectoral. Dorsal origin well behind head
;
pelvic fins present.

Ophthalmolycus macrops.

Lycodes macrops, Glinth., " Challenger" Shore Fish., p. 21, pi. xi. fig. B (1880).

Depth of body 11^ in the length, length of head 5^. Diameter of eye 3^ in length

of head and 7 times interorbital width. Maxillary nearly reaching vertical from

posterior margin of eye. About 90 rays in the dorsal fin, 80 in the anal, and 10 in

the caudal. Origin of dorsal above posterior ^ of pectoral ; origin of anal a head-length

behind the head. Pectoral less than ^ the length of head. Yellowish ; 9 broad dark-

brown cross-bars on back, extending on to dorsal fin ; a series of brown spots on the

side, alternating with the bars ; a brown band from eye to operculum.

Straits of Magellan, 40 to 140 fathoms.

Here described from the type, 135 mm. in total length.

Lycodes concolor, Roule {Bull. Mus. Paris, 1911, p. 280) may belong to this genus.

D. 73 ; A. 68. Coloration uniform.

3. Iluocoetes, Jenyns, 1842.

Zool "Beagle," Fish., p. 165.

Head about as broad as deep ; body compressed ; mouth subterminal, with wide

lateral cleft ; teeth conical, uniserial in jaws, in a patch on the vomer and a single

series on the palatines ; 1 or 2 pairs of canines at the symphysis of the upper jaw
;

1 or 2 teeth on each side of lower jaw enlarged, canine-like. Gill-opening cleft

downward to lower end of base of pectoral. Dorsal origin just behind head; pelvic

fins present.

Iluocoetes Jimbriatus.

Jenyns, i.e., p. 166, pi. xxix. fig. 2.

Lycodes variegatus, Giinth., Cat. Fish., iv. p. 322 (1868).

Phucoccetes variegatus effusus, Smitt, Bihang Svensk. Vet.-AJcad., xxiv., 1898, iv.. No. 5, p. 43,

pi. V. fig. 32.

Phucoccetes variegatus micropus, Smitt, I.e., pi. v. fig. 33.

Depth of body 8 to 11^ in the length, length of head 4|- to 5^. Diameter of eye

4 to 5^ in length of head, 3 or 4 times the interorbital width. Maxillary extending to

below posterior margin of eye. Dorsal with 80 to 85 rays, anal with 65 to 70, caudal



244 MR C. TATE REGAN ON THE

with about 10. Origin of dorsal above base of pectoral, of anal about a head-length

behind head. Pectoral f to f the length of head. Head, body, and fins spotted and

marbled ; sometimes cross-bars on the body ; a more or less distinct band from snout to

eye and eye to operculum ; a series of blackish spots at margin of dorsal and anal.

Falkland Islands ; Magellan Straits ; Chile.

Here described from specimens from the Falkland Islands, 80 to 130 mm. in total

length, including the types of Lycodes variegatus and two obtained by the Scotia at

Station 118, Port Stanley.

I am indebted to Mr L. Doncaster for the loan of Jenyns' type ; the appearance

of some of the mucous canals as free fringing tubes is due to the bad state of preserva-

tion of the specimen.

Smitt's Phucoccetes variegatus elongafus {t.c, p. 44, pi. v. fig. 34) seems to be a

distinct species, with the head § of the distance from operculum to origin of anal.

4. Lycodichthys, Pappenheim, 1911.

Sitzungsh. Gesellsch. Naturf. Freunde, 1911, p. 382.

Closely related to Iluoccetes, differing especially in the toothless palate ; teeth

uuiserial ; anterior pair in upper jaw enlarged ; lateral teeth of lower jaw spaced,

canine-like.

Lycodichthys antarcticus.

Pappenheim, t.c, p. 383, and Deutsche Sudpolar-Exped., xiii., Zool., v. p. 180, pis. ix. fig. 6 and x. fig. 4.

Depth of body 8 or 9 in the length ; length of head 5 to 5|. Diameter of eye

5 to 6 in length of head. Maxillary extending to below posterior margin of eye or a

little beyond. Dorsal with 85 to 90 rays, anal with about 65, caudal with about 10.

Origin of dorsal a little behind base of pectoral, of anal 1 to 1^ head-lengths behind

head. Pectoral }^ the length of head. Head, body, and fins spotted or marbled.

Wilhelm Land.

Here described from two co-types, 160 and 200 mm. in total length.

5. Austrolycichthys, gen. nov.

Closely related to Austrolycus, differing in the more compressed form, the head

being at least as deep as broad, and in the more inferiorly placed and somewhat larger

gill-openings, cleft downward nearly to the lower ends of the bases of the pectorals.

(1) Austrolycichthys hrachycephalus.

Lycodes hrachycephalus, Pappenheim, Deutsche Sudpolar-Exioed., xiii., Zool., v., p. 179, pi. x. fig. 3.

Depth of body 8 to 10| in the length, length of head 5f to 6|. Tail from less than

1| to If as long as rest of fish. Diameter of eye 5 in the length of head. Maxillary

extending to below anterior part of eye. About 90 rays in the dorsal fin, 70 in the

anal, 10 in the caudal. Origin of dorsal above anterior part of pectoral, of anal
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If to l| head-lengths behind head. Pectoral f or f the length of head. Grayish or

brownish.

Wilhelm Land, 380 metres.

Here described from two co-types, 155 and 150 mm. in total length. These differ

greatly in form and proportions, as is shown by the accompanying figures, but I cannot

doubt that they belong to the same species.

Fig. 2.

—

Austrolydclithyshrachycephalus.

(2) Austrolycichthys bothriocephalus.

Lycodes bothriocephalus, Pappenheim, Deutsche Sudpolar-Exped., xiii., Zool., v. p. 178, pi. x. fig. 2.

Apparently related to the preceding species, the more slender of the two examples

of A. hrachyceplialus described above showing considerable resemblance to the photo-

graph of the type. But this species is said to have more numerous fin-rays, about 110

in the dorsal and 90 in the anal.

Wilhelm Land, 380 metres.

Total length of the unique type, 181 mm.

6. Austrolycus, gen. nov.

Head depressed ; body compressed posteriorly. Mouth subterminal, with short

lateral cleft ; teeth conical, uniserial on sides of jaws, bi- or tri-serial anteriorly ; teeth

on vomer in a group, on palatines in a single series. Gill-opening cleft downwards to

middle of base of pectoral. Dorsal origin just behind head
;
pelvic fins present.

(1) Austrolycus depressiceps, sp. n. (PL V. fig. 1.)

Phucocoates latitans (nan Jenyns) Gixnth., Cat. Fish., iv. p. 321 (1862); Smith, Bihang Svensk.

Vet.-Akad., xxiv., 1898, iv.. No. 5, p. 51, pi. v. figs. 37-39; Garman, Mern.. Mus. Camp.

Zool., xxiv., 1899, p. 138.

Depth of body about 10 in its length, length of head 5|- to 6 J. Diameter of eye

6 1 to 9 in the length of head, much less than the interocular, but nearly equal to the
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interorbital width. Maxillaiy about reaching vertical from posterior margin of eye,

100 to 110 rays in the dorsal fin, 70 to 80 in the anal, 8 to 10 in the caudal; origin

of dorsal above base of pectoral, of anal If to 2 head-lengths behind head. Pectoral |

the length of head. Brownish ; abdomen pale ; on side of head a sharp line between

the dark brown above and pale yellow below, with the brown projecting downwards on

the cheek as a bar ; a pale transverse band across nape, another above end of pectoral

extending on to dorsal fin, which may be followed by similar bands or spots.

Chile
; Patagonia ; Falkland Islands.

Here described from a large series of specimens measuring up to 250 mm. in total

length, including several obtained by the Scotia at Station 118, Port Stanley,

Falkland Islands,

(2) Austrolycus platei.

Lycodes {Phucocoates) platei, Steind., Zool. Jahrb., Suppl. iv. p. 320, pi. xix. fig. 8 (1897-98).

Evidently closely related to the preceding species, diff"ering in that the length of

the head is | its distance from the vent, the tail is considerably longer than the head

and trunk (only a little longer in A. depressiceps), and the coloration is diff"erent, the

body being marked with broad cross bands, the interspaces between which correspond

to the pale bands or spots on the back and dorsal fin of A. depressiceps.

Chile, Cape Espiritu Santo.

Total length 234 mm.

This may be the Phucoccetes variegatus macropus of Smitt [Bihang Svensk. Vet.-

Akad., xxiv., 1898, iv., No. 5, p. 44, pi. v. fig. 35).

7. Phucoccetes, Jenyns, 1842.*

ZooL ''Beagle;' Fish., p. 168 (1842).

Head and body compressed. Mouth subterminal ; teeth conical, uniserial in upper

jaw and on palatines, bi- or tri-serial in lower jaw ; anterior pair of teeth in upper jaw,

middle vomerine tooth, and 1 or 2 pairs in lower jaw more or less enlarged and canine-

like. Gill-opening small, above base of pectoral. Dorsal origin just behind head
;
pelvic

fins present.

Phucoccetes latitans, Jenyns, I.e., pi. xxix. fig. 3.

Lycodes flavus, Bouleng., Ami. Mag. Nat. Hist. (7), vi., 1900, p. 53.

Depth of body 8 to 10 in the length, length of head 6^ to 7. Snout 1| as long as

diameter of eye, which is 6 to 7 in length of liead, greater than interorbital width.

Lower jaw included ; maxillary extending to below posterior part of eye. Dorsal with

* Garman {Mem. Mus. Gomp. Zool, xxiv , 1899, p. 1.37) has described a fish from 16° N., 99° W., 660 fathoms, and

has named it Phucoccetes suspectus. It is not a Phucoccetes, nor does it seem to be congeneric with any of the

southern littoral forms.
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about 100 rays, anal with about 80, caudal with 5 or 6. Origin of dorsal above base of

pectoral
;
pectoral f ,

pelvics \ as long as head. Brownish ; upper half of head dark

brown, with a pale yellow band from eye to shoulder ; lower part of head pale yellowish.

Falkland Islands.

Here described from two specimens, 65 and 110 mm. in total length, the latter the

type of L. Jlav us. Four small examples were obtained by the Scotia at Station 118,

Port Stanley, Falkland Islands.

8. Crossolycus, gen. nov.

Form elongate, compressed. Snout and lower jaw with fringes. Mouth sub-

terminal ; teeth in jaws conical, bi- or tri-serial ; lower jaw with a posterior canine
;

palate toothless. Gill-opening almost entirely above base of pectoral. Dorsal origin

above or a little in advance of base of pectoral
;
pelvic fins present.

(1) Crossolycus chilensis, sp. n.

Lycodes (Iluocoetes) fimbriatus (non Jenyns) Steind., ZooL Jalirh., Suppl. iv., 1898, p. 322, pi. xx. fig. 10.

Depth of body equal to length of head, 6f in the length of the fish. Diameter of

eye 7 in length of head and equal to interorbital width. Lips thick. Dorsal 80.

Anal 60. Distance from head to origin of anal 1^ the length of head. Pectoral f as

long as head. Head, body, and dorsal fin marbled with brown.

Chile, Cape Espiritu Santo.

Steindachner's specimen measured 252 mm.

(2) Crossolycus fasciatus.

Iluocoetesfimbriatus swh-s,]). fasciatus, Lonnberg, Swedish S. Polar Exped., Fish., p. 20 (1905).

Depth of body 7\ in the length, length of head 5. Diameter of eye 5f in the length

of head and equal to interorbital width. Distance from head to origin of anal 1^ the

length of head. Pectoral a little more than -| the length of head. Dark brown, with

5 or 6 whitish transverse bars.

Falkland Islands.

Total length 74 mm.

A specimen of 60 mm. recorded by Lonnberg from Tierra del Fuego, uniform yellow

in colour and differing somewhat in proportions, may belong to another species.

9. Platea, Steind., 1897.

Zool. Jahrh., Suppl. iv. p. 323.

Teeth in jaws uniserial, incisor-like
;
palate toothless. Snout and lower jaw with

fringes. Gill-opening cleft downwards to middle of base of pectoral. Dorsal origin

above anterior part of pectoral. Pelvic fins present.
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Platea insignis.

Steind., I.e., pi. xx. tig. 12.

Depth of body \A^ in the length, length of head 7f. Dorsal with about 100 rays,

anal with about 90. Body with dark spots and bars.

Chile, Cape Espiritu Santo.

Total length 265 mm.

10. Maynea, Cunningham, 1870.

Trans. Linn. Soc, xxvii. p. 471.

Gymnelichtliys, Fischer, Jahrh. Hamburg Wiss. Anst., ii., 1885, p. 60.

Elongate, compressed. Mouth terminal ; teeth conical, uniserial, in jaws and on

vomer and palatines. Gill-opening cleft downwards to middle of base of pectoral.

Dorsal origin just behind head. No pelvic fins.

(1) Maynea patagonica.

Cunningham, I.e., p. 472 ; Giinth., Proc. Zool. Soc, 1881, p. 881, pi. ii. figs. C and D.

Depth of body 10 or 11 in the length, length of head 6f to 7^. Diameter of eye

5 to 6 in length of head ; interorbital region quite narrow. Maxillary extending to

below anterior ^ or middle of eye. About 120 rays in dorsal fin, 95 in anal, 8 in

caudal. Origin of dorsal above base of pectoral, of anal If to 1^ head-lengths behind

head. Pectoral less than ^ as long as head. Yellowish, with broad brown cross-

bars separated by narrower interspaces.

Patagonia ; Falkland Islands.

Here described from two specimens, the type from the Otter Islands, 150 mm.

in total length, and an example of 90 mm. from the Magellan Straits.

(2) Maynea antarctica.

QymnelicMhys antardicus, Fischer, Jahrb. Hamburg Wiss. Anst., ii., 1885, p. 61, pi. ii. fig. 9.

Maxillary extending to. below posterior maigin of eye. About 97 rays in the

dorsal, 74 in the anal; origin of latter only 1^ head-lengths behind the head. No

cross-bars.

South Georgia.

Total length 220 mm.

11. Melanostigma, Giinth., 1881.

Froc. Zool. Soc, p. 21.

Compressed, elongate ; skin loose, smooth, naked. iMouth terminal, oblique ; teeth

uniserial, in jaws and on vomer and palatines. Gill-opening small, above base of

pectoral. Dorsal origin just behind head ; no pelvic fins.

In addition to the species described below, this genus includes a few from deep

waters of the North Atlantic and Pacific.
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Melanostigma gelatinosum.

Giinth., I.e.

Depth of body about 10 in the length, length of head 6. Diameter of eye 3^ in

lenoth of head, interorbital width about 12. Maxillary extending to below middle of

eye. Distance from head to origin of anal equal to length of head
;
pectoral nearly

^ as long as head. Sides spotted and marbled with purplish grey ; end of tail blackish
;

inside of mouth, gill-opening, and vent black.

Magellan Straits, 24 fathoms.

Here described from the type, a specimen of 140 mm.

III. A Monograph of the Nototheniiformes.

The division Nototheniiformes includes Percoids without pungent fin-spines, with

the spinous dorsal, when developed, shorter than the long soft dorsal and anal, the

Fir. 3.—Pectoral fin-skeleton of 1, Cottoperca gohio ; 2, Trematomus newnesii ; and 3, Notothenia coriiceps.

cl, cleithrum ; sc, hypercoracoid (scapula)
; /, foramen ; cor, hyjjocoracoid ; m, metacoracoid process; 1, 2, 3, radials.

principal caudal rays reduced in number (usually 14), the pectorals typically broad-

based and the pelvics jugular, separated by an interspace, and each formed of a spine

and 5 branched rays. There is a single nostril on each side. The structure and position

of the pectoral radials is highly characteristic ; they are 3 in number, rather large flat

plates ; all or 2 are inserted on the hypocoracoid, and the lowest is the narrowest and

has its lower edge in contact with the metacoracoid process. In other osteological

characters the more generalised types are very similar to the Perciformes.
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The group corresponds to the Nototheniidse of Boulenger and Dollo, with the

addition of Pleuragramma, which does not at all resemble Leptoscojpus, and after the

exclusion of Centropercis, evidently related to Champsodon, and of AcantJiaphritis

(Pteropsaron), which is related to Hemeroccetes. Draconetta is allied to the

Callionymidse, and its resemblances to Harpagifer are not due to affinity. As now

restricted the Nototheniiformes are characteristic of and peculiar to the Antarctic seas

"dough Is-

o Bou\/etk.

S.aeor^ c»
'< S.Saodu,.ch Group

fS. Orkneys

eMarion Is.

»• Crozetls.

Fig. 4.—Map showing the localities where Nototheniiform Fishes have been collected.

and the region immediately to the north, ranging to S.E. Australia, New Zealand,

Chile, Argentina, Tristan da Cunha, and St Paul Island.

There is every reason to suppose that the group has always been an Antarctic one,

and seeing that it has become differentiated into four quite distinct families and into

several genera, we may perhaps infer that there has been a large cold southern ocean

throughout the greater part of the Tertiary period.

The group throws no light on the question of former extensions northward of the

Antarctic Continent ; at the present day there are littoral species common to Australia
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and New Zealand [Bovichthys variegatiis), to New Zealand and South America

[Notothenia macrocephala, N. cornucola), or to the Antarctic Continent and Kerguelen

{Notothenia coriiceps, Harpagifer hispinis) ; and if under the existing conditions

species may have this wide distribution, the fact that some are more restricted and are

separated from the most nearly related forms by wide expanses of ocean can be

explained without the theory of land-bridges.

Many of the more southern types appear to be circumpolar ; for example,

Trematomus newnesii, T. horchgrevinkii, T. bernacchii, T. hansoni, T. loennhergii,

Plenragramma antarcticum, Notothenia coriiceps.

With the exception of Pseudaphritis urvillii from the rivers of Tasmania and S.E.

Australia the Nototheniiform fishes are marine, and the great majority of them are

littoral ; several have been described as frequenting the rocks and weeds, but others

prefer deeper water, the species varying in this respect like the Cottids and Gobies of

our northern seas. Fishes pertaining to four genera (Bathydraco, Gerlachea,

Racovitzaia, Cryodraco) live in the -open sea, and probably at some distance below

the surface.

Most of the fishes of this group feed on crustaceans, molluscs, etc. {cf. Lonnberg,

Fish. Swedish South Polar Exped., p. 55), but Gymnodraco and the Chaenichthyidse

are no doubt piscivorous. According to Lonnberg {I.e., p. 52) the breeding season varies,

some species probably spawning in the spring, others in the summer, others in the

autumn. The eggs are smaller in Notothenia and Trematomus than in Artedidraco

and Champsocephcdus ; they are probably demersal in all, but certainly in the last two

genera.

Synopsis of the Families.

I. One radial on hypercoracoid, two on hypocoracoid
;

gill-membranes separate,

free from isthmus ; teeth on vomer and palatines ; mouth protractile ; snout

not produced ; a spinous dorsal fin . . . . 1. BovichthyidsB.

II. All three radials on hypocoracoid
;

gill-membranes united, free or attached to

isthmus, usually forming a fold across it
;
palate toothless.

A. Palatine and pterygoids normally developed.

Mouth protractile: snout not produced; a spinous dorsal fin 2. Nototheniidse.

Mouth not protractile ; snout produced ; no spinous dorsal fin.

3. BathydraconidsB.

B. Palatine in great part ligamentous ; no mesopterygoid ; mouth not protractile
;

snout produced and depressed .... 4. Chsenichthyidse.

Family 1. BoviCHTHYiDyE.

This family includes Nototheniiformes more generalised than the rest in the presence

of bands of cardiform or villiform teeth not only in the jaws, but on the vomer and

palatines, and in the separate free gill-membranes. All other members of the group
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have the palate toothless and the gill-membranes united, or joined to the isthmus.

The snout is not produced, the mouth is protractile, the lateral line is complete and

continuous, and a spinous dorsal fin is present. The skeleton is well ossified ; there are

2 radiais on the hypocoracoid and 1 on the hypercoracoid (fig. 3, 1) ; the palatine and

pterygoids are normally developed. The vertebrae number 38 to 42 (13-16 + 22-29)

;

prsecaudals with parapophyses from the fifth or sixth ; ribs and epipleurals on parapo-

physes, when these are developed.

Littoral fishes, with one species in fresh water.

Three genera.

1. Fseudaphritis, Casteln., 1872.

Proc. Zool. Soc. Victoria, i. p. 72; Ogilby, Proc. Linn. Soc. N.S. Wales, xxii., 1897, p. 559.

Body subcylindrical, fully scaled. Head small, scaly, somewhat depressed, narrowed

forward ; interorbital region flat. Teeth in bands in jaws and on vomer and palatines

;

lower jaw projecting. Operculum normal, with a weak spine
;
gill-membranes not

united, free from isthmus. Origin of spinous dorsal at some distance behind head ; rays

of all the fins branched.

S.B. Australia and Tasmania ; fresh-water.

Pseudaphritis urvillii.

Aphritis urvillii, Cuv. and Val., Hist. Nat. Poiss., viii. p. 484, pi. 243 (1831): Giinth., Oat.

Fish., ii. p. 242 (1860).

Pseudaphritis bassii, Casteln., I.e.

Depth of body 5 to 6 in the length, length of head 3| to 4. Diameter of eye

51 to 71 in the length of head, interorbital width 8 to 12. Maxillary extending to

below eye ; about 10 short gill-rakers on lower part of anterior arch. Dorsal VII-VII I,

19-20. Anal 23-25. 60 to 65 scales in the lateral line. Body marbled ; dorsal and

caudal spotted.

Rivers from New South Wales to South Australia and Tasmania.

Here described from eight specimens, 100 to 240 mm. in total length, from South

Australia, Victoria, and Tasmania.

2. Cottoperca, Steind., 1876.

Sitzungsb. Akad. Wien, Ixxii. p. 66.

Head and body compressed, fully scaled. Head large ; snout broad ; interorbital

region concave. Teeth in bands in jaws and on vomer and palatines ; lower jaw some-

what the shorter. Operculum normal, with a weak spine
;
gill-membranes not united,

free from isthmus. Spinous dorsal originating above operculum ; rays of soft dorsal and
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anal unbranched ; lower pectoral rays simple, more or less thickened and partly

free distally.

Patagonia ; Magellan Straits ; Falkland Islands.

(1) Cottoperca gohio. (PI. IV. fig. 3.)

Aphritis gohio, Giinth., Ann. May. Nat. Hist. (3), vii., 1861, p. 88; and ^'Challenger" Shore

Fish., p. 21, pi. ix. (1880).

Cottoperca rosenhergii, Steind., Sitzungsh. Ahad. Wien, Ixxii., 1876, p. 67, pi. v. fig. 1.

Depth of body about 4 in the length, length of head about 2 J. Diameter of eye

4 to 8 in the length of head, interorbital width 13 to 16. Maxillary extending to

below posterior part or posterior edge of eye ; 5 or 6 short gill-rakers on lower part of

anterior arch. Dorsal (VI) VII, 22-23. Anal 20-23. Dorsal spines and rays increasing

in length with age, the longest varying from 3 to | the length of head. Pectoral

about ^ the length of head ; six lowest rays simple, somewhat thickened. Caudal

subtruncate. Least depth of caudal peduncle greater than the diameter of eye, except

in quite young specimens. About 60 scales in a lateral longitudinal series, or 65 in the

lateral line, which is complete and continuous. Orange-yellow, with three broad

brownish cross-bars on upper part of body ; head and sides of body spotted and marbled

with brown.

Patagonia ; Tierra del Fuego ; Falkland Islands.

Here described from nine specimens, 130 to 480 mm. in total length, from Magellan

and the Falklands, at depths varying from 6 to 147 fathoms, including the types of the

species and a specimen from Station 349, Port William, Falkland Islands, taken by the

Scotia in January 1903.

(2) Cottoperca macrophthalma, sp. n. (Pis. IV. fig. 2, and V. fig. 2.)

Depth of body 4 to 5 in the length, length of head (to opercular spine) 2f to 2f

,

Diameter of eye 3^ to 5 in the length of head, interorbital width 13 to 16. Maxillary

extending to below posterior part or margin of eye, or a little beyond. 5 to 7 short

gill-rakers on lower part of anterior arch. Dorsal VII (VIII), 21-24. Anal 20-22.

In the young, first dorsal spine longest, ^ the length of head and as long as soft rays
;

in the adult, fourth or fifth spine longest, sometimes ^ the length of head ; longest soft

rays sometimes f the length of head. Other fins, scales, coloration, etc., as in C. gobio.

Least depth of caudal peduncle not more than diameter of eye.

Ten specimens from Station 346, the Burdwood Bank, south of the Falkland Islands,

54° 25' S., 57° 32' W., taken by the Scotia in 56 fathoms on 1st December 1903, and

three from Magellan Straits, 100 to 450 mm. in total length.

(3) Cottoperca macrocephala.

Roule, Bull. Mus. Paris, 1911, p. 277 (1912).

Eye large. Head longer and fins lower than in C. macrophthalma. Seven simple

pectoral rays. Patagonia.

TRANS. ROY. SOC. EDIN., VOL. XLIX. PART 11. (NO. 2). 33
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3. Bovichthys, Cuv. and Val., 1831.

Hist, Nat. Poiss,, viii. p. 486.

Differs from Cottoperca in the naked head and body, the abnormal operculum,

which has a very strong spine and a superior process which articulates with the post-

temporal, and in the enlarged and partly free posterior anal rays.

Fig. 5.—Distribution of Bovichthys and Trematomus, respectively the iiortliernmost and southernmost Nototheniiform genera.

B — Bovichthys. 1. B. variegatus ; 2. B. angustifrons ; 3. B. diacanthus ; 4. B. chilcnsis
; 4a. B. sp. ; 5. B. veneris;

6. B. dccijncns ; 7. B. j^srjchrolutes ; 8. B. roseopictus.

T = 2'reviaiomus. 1. T.nevmesii; 2. T. nicolai ; 3. T. borchgrcvinkii ; 4. T. brachysoma ; 5. T.vicariiis ; 6. T. bernacchii
;

7. T.hansoni; 8. T. loennbergii.

Note that in Bovichthys none, in I'rematomus most, of tlie species appear to be circumpolar.

Chile ; Argentina ; Tristan da Cunha and Gough Island ; St Paul ; S.E. Australia

and Tasmania ; New Zealand and neighbouring islands.
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uj
Synopsis of the Species.

[. Interorbital region distinctly concave.

Interorbital width -jV, pectoral fin | the length of head . 1. variegatus.

Interorbital width -^ or -^^, pectoral fin f the length of head . 2. angustifrons.

Interorbital width -^, pectoral fin
-f
the length of head . 3. diacanthus.

II. Interorbital region nearly flat.

Interorbital width \ the length of head, pectoral fin f . . .4. chilensis.

Interorbital width more than | the diameter of eye, which is ^ the length of

head
;
pectoral extending to vent ...... 5. veneris.

Interorbital width 6| in length of head
;
pectoral extending well beyond origin

of anal .......... 6. decipiens.

Interorbital width 5 in length of head..... 7. psychrolutes.

Interorbital width 3^ in length of head . . . . §. roseopictus.

(l) Bovichthys variegatus.

Richards., ''Erebus" and ''Terror" Fish., p. 56, pi. xxxiv. figs. 1-4 (1846); Giinth., Gat. Fish.,

ii. p. 250 (1860).

Depth of body 4 to 5 in the length, length of head 2f to 3. Diameter of eye 4 to

4| in the length of head, interorbital width 10. Interorbital region moderately

concave ; maxillary extending to below anterior ^ of eye ; opercular spine equal to or

less than diameter of eye ; 8 gill-rakers on lower part of anterior arch. Dorsal VII-

VIII, 18-20. Anal 14-15. Pectoral | the length of head. Caudal subtruncate.

Caudal peduncle longer than deep. Body with irregular dark cross-bars and usually

with pale spots and vermiculations ; spinous dorsal marbled, sometimes with a blackish

blotch posteriorly ; soft dorsal, caudal, and pectoral with series of dark spots ; anal

with a dark longitudinal band.

S.E. Australia ; New Zealand and neighbouring islands.

Here described from six specimens, 75 to 200 mm. in total length, including the

types of the species, from New South Wales (Haslar), New Zealand [Otago Mus.,

Hutton), and Campbell Island {Southern Cross).

(2) Bovichthys angustifrons, sp. n. (PL IV. fig. 1.)

Depth of body 4| to 5 in the length, length of head 2f to 2|. Diameter of eye

4 in the length of head, interorbital width 12 or 13. Interorbital region moderately

concave ; maxillary extending to below anterior -^ of eye ; opercular spine nearly as

long as diameter of eye ; 8 gill-rakers on lower part of anterior arch. Dorsal VIII, 19.

Anal 14. Pectoral | the length of head. Caudal subtruncate. Caudal peduncle longer

than deep. Dark spots on the head and blotches or bars on the body ; soft dorsal and
caudal with series of spots on the rays.

Here described from two specimens, 160 and 145 mm. in total length, the former

from Tasmania (Allport), the latter without locality {Chatham Museum).
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(3) Bovichihys diacanthus. (PI. IX. fig. 5.)

Gallionymus diacanthus, Carmich., Trans. Linn. Soc, xii., 1818, p. 501, pi. xxvi.

Bovichihys diacanthus, Giinth., Cat. Fish., ii. p. 249 (1860).

Depth of body 5 in the length, length of head 3. Diameter of eye i^ in the

length of head, interorbital width 11. Interorbital region concave ; maxillary extend-

ing to below anterior ^ of eye ; opercular spine f the diameter of eye ; 9 gill-rakers on

lower part of anterior arch. Dorsal VIII, 20. Anal 15. Pectoral -| the length of

head. Caudal subtruncate. Caudal peduncle longer than deep.

Tristan da Cunha ; Gough Island.

Here described from a specimen of 120 mm. obtained by the Scotia at Gough

Island, shore.

The species was originally described from Tristan da Cunha, where it is said to be

very common among the rocks and to attain a length of 7 inches. Carmichael

describes the colour as olive, with green blotches and white dots.

(4) Bovichthys chilensis, sp. n.

Bovichihys diacanthus (non Carmichael), Cuv. and Val., Hist. Nat. Poiss., viii. p. 487, pi. 244

(1831); Steind., Zool Jahrh., Suppl. iv., 1897-8, p. 300, pi. xx. fig. 1.

Depth of body 5 in the length, length of head 3 to 3^. Diameter of eye 4^ to 4|

in the length of head, interorbital width 9. Interorbital space nearly flat ; maxillary

extending to below anterior \ of eye ; opercular spine as long as or shorter than eye

;

8 gill-rakers on lower part of anterior arch. Dorsal VIII, 21. Anal 14-16. Pectoral

f the length of head. Caudal truncate. Caudal peduncle longer than deep. Body

marbled ; spinous dorsal dusky, with a dark blotch posteriorly ; soft dorsal with 2 or 3

series of dark spots ; caudal dusky with orange posterior margin ; lower fins orange,

more or less spotted.

Chile ; Juan Fernandez.

Here described from two specimens from Chile {DelJIn), 92 and 96 mm. in total

length.

Berg {Ann. Mus. Buenos Aires, ii., 1897, p. 298) has recorded a species of

Bovichthys from Argentina as Boviclithys diacanthus. This may prove to be B.

chilensis ; more probably it is a new species, as yet undescribed.

(5) Bovichthys veneris.

Bovichthys psychrolutes {non Giinth.), Kner, Novara Fische, p. 128, ph vi. (1869).

„ veneris, Sauvage, Arch. Zool. Exp., viii., 1879, p. 25.

Depth of body 5 in the length, length of head about 3 1. Diameter of eye 4 in the

length of head. Interorbital region only slightly concave, its width rather more than

I the diameter of eye. Maxillary extending to below anterior \ of eye ; opercular
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spine I the diameter of eye. Dorsal VIII, 19-20. Anal 14-15. Pectoral f or -| the

length of head. Caudal rounded or subtruncate. Caudal peduncle longer than deep.

Island of St Paul.

Kner's and Sauvage's descriptions are based on specimens of 9 or 10 inches.

(6) Bovichthys decipiens, sp. n. (PI. IX. fig. 1.)

Depth of body 4 in the length, length of head 2f. Diameter of eye 3| in the

length of head, interorbital width 6 J. Interorbital space nearly flat ; maxillary

extending to below anterior ^ of eye ; opercular spine a little shorter than eye ; 8 gill-

rakers on lower part of anterior arch. Dorsal VIII, 19. Anal 14. Pectoral f the

length of head. Caudal peduncle longer than deep. Body with cross-bars ; spinous

dorsal with a blotch posteriorly ; dorsal and pectoral with series of spots ; caudal barred.

A specimen of 41 mm. from Cook's Straits {Hector) is very similar in appearance to

B. variegatus.

(7) Bovichthys psychrolutes.

Giinth., Cat. Fish., ii. p. 250 (1860).

Depth of body 4 in the length, length of head 3. Diameter of eye 3i in the length

of head, interorbital width 5. Interorbital region nearly fiat ; maxillary extending to

below anterior ^ of eye ; opercular spine as long as eye ; 8 gill-rakers on lower part of

anterior arch. Dorsal VIII, 20. Anal 14. Pectoral f the length of head. Caudal

subtruncate. Caudal peduncle longer than deep. Bluish-olive ; fins pale.

Here described from the type, a specimen 38 mm. in total length, from S.W. of

the Antipodes Islands (50° S., 170° W.).

(8) Bovichthys roseopictus.

Hutton, Trans. N. Zeal. Inst., xxxvi., 1903, art. ix.

Depth of body 5|, length of head 4| in total length. Diameter of eye 3 in length

of head, interorbital width 3^. Top of head smooth, with two small ridges. Dorsal

VIII, 18 (?). Anal 13 (?). Pectoral as long as head. Caudal apparently truncated.

Back dark olivaceous brown, sides and abdomen silvery ; a pink spot at base of operculum

and 5 bright rose-pink bands on each side.

New Zealand
; known from a single specimen of 46 mm. picked up on the beach at

Sumner, Canterbury.

Family 2. Nototheniid/E.

Diff"er from the Bovichthyidse in the toothless palate, the united gill-membranes,

and in having all 3 radials on the hypocoracoid (fig. 3, 2 and 3). Vertebrae 45-56

(16-20 -F 25-35).

In the typical genera the skeleton is well ossified, and the rather strong ribs and

epipleurals are inserted on well-developed parapophyses, or only the first one or two
are sessile. In Pleuragramma the skeleton is weak, with the bones thin and papery.
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the vertebral centra are thin cylinders of bone, parapophyses are developed on the

posterior prsecaudals only, and the ribs and epipleurals are feeble.

Synopsis of the Genera.

I. Body scaly
;
gill-membranes forming a fold across the isthmus ; opercles normal.

A. Hypercoracoid enclosing its foramen.

Lateral line scales with tubules or pits ; . . 1. Trematomus.

Lateral line scales merely notched. . . .2. Pleuragramma.

B. Foramen partly bordered by hypocoracoid.

1. Two or three lateral lines ; maxillary usually extending to below eye
;

pectoral rounded or vertically truncated.

Teeth in bands . . . . . . . . .3. Notothenia.

Teeth uniserial . . . . . . . . 4. Dissostichus.

2. One lateral line ; maxillary not reaching eye in the adult fish
;
pectoral

very obliquely truncated, the upper rays longest . 5. Eleginops.

n. Body naked
; gill-membranes broadly united to isthmus ; operculum hooked

upwards posteriorly, its upper edge deeply concave ; foramen partly bordered

by hypocoracoid.

.

A mental barbel ; opercles not spinate . . . . . 6. Artedidraco.

No barbel ; operculum and suboperculum each forming a strong spine.

7. Harpagifer.

1. Trematomus, Bouleng., 1902.

"Southern Cross" Pisces, p. 177.

Body scaly ; 2 lateral lines with tubular or pitted scales. Mouth moderate or

rather large
;

jaws with bands of villiform teeth. Gill-membranes united, free or

forming a free fold across isthmus. Skeleton well ossified; vertebrae 52-56 (17-21

-1- 32-35) ; most of the prseeaudals with parapophyses to which the ribs and epipleurals

are attached ; hypercoracoid enclosing its foramen (fig. 3, 2). A spinous dorsal fin
;

pectoral rounded or sub-vertically truncated.

Coasts of the Antarctic Continent ; South Orkneys and South Georgia (fig. 5, p. 254).

The difference between Notothenia, with the hypocoracoid bordering the foramen,

and Trematomus, with the foramen enclosed in the hypercoracoid, may not be very

important, and Pappenheim believed that he found both conditions in one species

[Deutsche Sildpolar-Exped., xiii., Zool., v. p. 166, figs.); but this seems to have been

an error, the specimen with perforate hypercoracoid being Trematomus hansom and not

Notothenia lejndorhinus. Pappenhkim [t.c., p. 170) states that T. hernacchii is a

Notothenia in the structure of its pectoral arch ; I have examined a large series of

specimens, and find that the hypercoracoid encloses its foramen in all.
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Synopsis of the Species.

I. Upper surface of head naked.

A. Cheeks and opercles fully scaled.

Interorbital width 3^ to 5 in length of head. D VI-VIII, 32-38.

A 32-36 ........ 1. newnesii.

Interorbital width 8 or 9 in length of head. D IV, 37. A 32-33.

2. nicolai.

B. Cheeks and opercles scaly above, naked below ; interorbital width 3 to 5|

in length of head.

D V-VI, 34-37. A 31-33 . . .3. horchgrevinkii.

D IV-V, 30-33. A 29-30 .... 4. hrachysoma.

II. Occiput scaly.

A. Interorbital region naked, or not fully scaled. D IV-VI, 33-38. A 31-35.

Diameter of eye 4f in length of head, interorbital width about 5

(in a specimen of about 270 mm.) ; 55 to 59 scales in a longi-

tudinal series ........ 5. vicarius.

Diameter of eye 3 to 4^ in length of head, interorbital width 5 to 9

(in specimens up to 340 mm.); 60 to 75 scales in a longitudinal

series ........ 6. hernacchii.

B. Interorbital region fully scaled ; width 5 to 1 in length of head.

D V-VII, 36-41. A 33-36 ... . . .7. hansoni.

D V-VI, 33-34. A 31-33 .... 8. loennhergii.

(l) Trematomus newnesii.

Bouleng., "Southern Gross" Pisces, p. 177, pi. xi. (1902).

Notothenia cyaneobrancha, VailL, Exped. Antarct. Fran^aise, Poiss., p: 26 (1906).

„ microlepidota, Vaill., t.c, p. 35.

„ hodgsoni, Bouleng., Nat. Antarctic Exped., Nat. Hist., ii., Fish., p. 2, pi. i. fig. 2 (1907).

Depth of body 4 to 5 J in the length, length of head 3^ to 4|^. Diameter of eye 3

to 4^ in the length of head, interorbital width 3-^ to 5. Maxillary extending to below

anterior part or middle of eye (young) or beyond (adult) ; upper surface of head naked,

cheeks and opercles scaly ; 15 to 20 gill-rakers on lower part of anterior arch. Dorsal

VI-VIII, 32-38. Anal 32-36. Pectoral f the length of head or more, longer than

pelvics, which reach the vent in the young, but not in the adult. Caudal truncate.

Caudal peduncle about as long as deep. 68 to 86 scales in a longitudinal series from

above base of pectoral fin to caudal, 40 to 52 in upper lateral line, which ends below

posterior rays of dorsal, 3 to 19 in lower lateral line. Brownish, usually spotted or

marbled or with irregular cross-bars ; spinous dorsal blackish ; other fins dusky, often

with small dark spots.

Here described from a large series of specimens, 50 to 200 mm. in total length, in-

cluding the types of the species and of N. hodgsoni. The types came from Duke of
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York Island, near Cape Adare, 3 to 5 fathoms, and Cape Adare, 4 to 8 fathoms ; those of

N. hodgsoni from the Discovery winter quarters, Eoss Island. The Scotia specimens

are all from Station 325, Scotia Bay, South Orkneys ; others in the British Museum

are from the South Shetlands.

(2) Trematomus nicolai.

Notothenia nicolai, Bouleng., ''Southern Gross" Pisces, p. 184, pi. xv. (1902).

Depth of body nearly 4 in the length, length of head 3^ to 3|. Diameter of eye

3 to 3^ in the length of head, interorbital width 8 to 9. Maxillary extending to below

anterior ^ or ^ of eye ; upper surface of head naked ; cheeks and opercles scaly

;

11 or 12 gill-rakers on lower part of anterior arch. Dorsal IV, 37. Anal 32-33.

Pectoral | to f length of head, somewhat longer than pelvics, which reach vent or origin

of anal. Caudal rounded. Caudal peduncle nearly as long as deep. 58 to 62 scales

in a longitudinal series from above base of pectoral fin to caudal, 39 to 43 in upper

lateral line, which ends below posterior rays of dorsal, 8 to 18 in lower lateral line.

Brownish, with dark cross-bars and sometimes with small dark spots ; fins dusky.

Victoria Land.

Here described from the types, three specimens 150 to 250 mm. in total length,

from Cape Adare, 5 to 8 fathoms, and Duke of York Island, near Cape Adare, 4 fathoms.

The pectoral arch of this species is exactly similar to that of the closely related

T. newnesii, as figured on p. 249.

(3) TrcTnatornus borchgrevinkii.

Bouleng., "Southern Cross" Pisces, p. 179, pi, xii. (1902); Pappenheim, Deutsche Siidpolar-

Exped., xiii., Zool, v. p. 171 (1912).

Depth of body 4 to 5 in the length, length of head 3| to 4J. Diameter of eye 4 to 5 in

length of head, interorbital width 3 to 4. Maxillary extending to below anterior ^ of

eye ; upper surface of head naked ; upper parts of cheeks and opercles scaly ; 16 to 19

gill-rakers on lower part of anterior arch. Dorsal V-VI, 34-37. Anal 31-33.

Pectoral f to |^ the length of head, longer than pelvics, which rarely reach the vent.

Caudal rounded or subtruncate. Caudal peduncle as long as deep, or deeper than long.

78 to 96 scales in a longitudinal series from above base of pectoral fin to caudal ; lateral

lines vestigial, without or with only a few tubules. Yellowish, with dark spots or

irregular cross-bars ; dorsal and caudal sometimes with series of spots.

Graham Land and neighbouring islands ; Wilhelm Land ; Victoria Land.

Here described from several specimens, 180 to 270 mm. in total length, including

the types of the species, from Cape Adare and Duke of York Island, near Cape Adare

[Southern Cross), and examples from the Discovery winter quarters, E,oss Island. A
specimen of 80 mm. was obtained in March 1903 by the Scotia, at Station 325, in

Scotia Bay, South Orkneys; depth 10 to 15 fathoms.
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(4) Trematomus hrachysoma.

Pappenheim, Deutsche Siid'polar-Exped., xiii., Zool., v. p. 172 (1912).

Depth of body i^^ to 4|- in the length, length of head 3 to 3f. Diameter of eye

32 to 3| in the length of head, interorbital width 4 to 5^. Maxillary extending to

,

below anterior part or middle of eye ; upper surface of head naked ; upper parts of

cheeks and opercles scaly ; 16 to 19 gill-rakers on lower part of anterior arch. Dorsal

IV-V, 30-33. Anal 26-30. Caudal rounded. Caudal peduncle a little deeper than

long. 65 to 75 scales in a longitudinal series. Yellowish brown ; head and back dark
;

a series of 6 dark spots from operculum to caudal, and 5 below them at level of base of

pectoral ; a dark spot at tip of spinous dorsal ; soft dorsal with irregular dark cross-bars.

Wilhelm Land.

Total length 93 to 166 mm.

(5) Trematomus vicarius.

Trematomus bernacchii subsp. vicarius, Lonnberg, Swedish South Polar Exped., Fish., p. 26 (1905).

1 Notothenia duhia, Lonnberg, i.e., p. 28, pi. iii. fig. 9.

Depth of body 3^ in the length, length of head 3^. Diameter of eye 4|- in length

of head, interorbital width about 5. Maxillary extending to below anterior ^ of eye
;

Fio. 6.—Head seen from above of A, Trematomus bernacchii, and B, T. mcarius.

cheeks, opercles, and occiput scaly ; anterior part of interorbital region scaly in the

middle; about 12 gill-rakers on lower part of anterior arch. Dorsal V, 33. Anal 31.

Pectorals f ,
pelvics f the length of head. Caudal rounded. Caudal peduncle much

deeper than long. 56 to 59 scales in a longitudinal series, 34 in upper lateral line
;

lower lateral line without tubules.

South Georo;ia.

LoNNB erg's description is based on a single specimen, 240 mm. in length to base of

caudal fin.

Dr Lonnberg has kindly sent me a sketch of the upper surface of the head of the

type, which is here reproduced, together with a figure of the head of a specimen of

TRANS. ROY. SOC. EDIN., VOL. XLIX. PART II. (NO. 2). 34
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T. bernacchii of the same size. After comparing the type with examples of T. bernacchii

that I sent him, Dr Lonnberg writes that the caudal peduncle is notably deeper and

that the scales are larger.

Dr Lonnberg has also sent me one of the types of N. dubia for examination. The

specimen is 50 mm. in total length, and is a Trematomus, with the head scaled as in

T. bernacchii, but with a smaller eye {3f in the length of head) and broader inter-

orbital region (6 J in the length of head) than young examples of that species. I count

Dorsal V, 37. Anal 32. 55 scales in a longitudinal series, 30 in the lateral line. 13

gill-rakers on the lower part of anterior arch. It seems probable that this may be a

young example of T. vicarius, although the interorbital region is scaleless.

(6) Trematomus bernacchii.

Bouleng., '^Southern Cross" Pisces, p. 181, pi. xiv. (1902).

Notothenia elegans, Vail]., Exped. Antarct. Fran^aise, Poiss., p. 28 (1906).

Depth of body 3 to 4| in the length, length of head 3-^ to 4. Diameter of eye 3 to

4^ in the length of head, interorbital width 5 to 9. Maxillary extending to below

anterior part or middle of eye ; occiput, cheeks, and opercles scaly ; interorbital region

naked or with a median series of scales ; 13 to 15 gill-rakers on lower part of anterior

arch. Dorsal IV-Vl, 34-38. Anal 31-35. Pectoral about f the length of head;

pelvics just reaching anal in young, but not in adult. Caudal rounded. Caudal

peduncle deeper than long. 60 to 75 scales in a longitudinal series from above base of

pectoral fin to caudal, 30 to 42 in upper lateral line ; lower lateral line usually without

tubules. Large dark spots in 2 or 3 alternating series ; upper ^ of spinous

dorsal blackish.

Graham Land and neighbouring islands ; Victoria Land.

Here described from several specimens, 90 to 340 mm. in total length, including

the types of the species from Cape Adare, 5 to 8 fathoms, and Duke of York Island,

near Cape Adare, 3 to 4 fathoms [Southern Cross), examples from the Discovery winter

quarters, Ross Island, and two from Station 325, Scotia Bay, South Orkneys, collected

by the Scotia.

In this species the interorbital region seems to be always scaleless in the young, and

is often so in the adult fish.

(7) Trematomus hansoni.

Bouleng., ''Southern Cross" Pisces, p. 180, pi. xiii. (1902).

Trematomus hansoni subsp. georgianus, Liiiinberg, Swedish South Polar Exped., Fisli., p. 25, pi. v.

fig. 17 (1905).

Notothenia siina, Vaill., Expe.il. Antarct. Franpaise, Poiss., p. 23 (1906).

„ lepidorhinus (part.), Pappenheim, Deutsche Siidpolar-Exped., xiii., ZooL, v. p. 169

(1912).

Depth of body 3 J to 4f in the length, length of head 3| to 4. Diameter of eye

3| to 5 in the length of head, interorbital width 5 to 6|. Maxillary extending to below
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anterior part or middle of eye ; occiput, interorbital region, cheeks, and opercles scaly
;

13 to 16 gill-rakers on lower part of anterior arch. Dorsal V-VII, 36-41. Anal

33-36. Pectoral f to |^ the length of head, longer than pelvics, which do not reach

the vent. Caudal subtruncate. Caudal peduncle about as long as deep. 60 to 68

scales in a longitudinal series from above base of pectoral fin to caudal, 38 to 46 in

upper lateral line ; lower lateral line usually without tubules. Brownish, with large

dark spots or cross-bars ; head often spotted ; fins usually barred with series of

dark spots.

South Georgia ; Graham Land ; Coats Land ; Wilhelm Land ; Victoria Land.

Here described from several specimens, 160 to 380 mm. in total length, including

the types of the species, from Cape Adare, 4 to 8 fathoms, and Duke of York Island,

near Cape Adare, 3 to 4 fathoms [Southern Cross), examples from the Discovery

winter quarters, Ross Island, and three from Coats Land, Station 411, 74° 01' S.,

22° 00' W., 161 fathoms ; temperature 28-9° F. ; trap ; March 1904.

Dr Lonnberg's supposed subspecies from South Georgia is fully identical with the

typical form. He gives the number of anal rays as (31) 32-33. but the figure shows

36, and in an example that he has kindly sent me I count 35. There is no difference in

the shape of the pectoral.

Dr Pappenheim has kindly sent me for examination the smallest specimen of his

N. lepidorhinus, 160 mm. in total length, which he has noticed as differing from the

types in the larger number of dorsal rays (38 instead of 32 or 33). It differs also in the

naked snout and preeorbital, shorter pelvic fins, lower lateral line without tubules,

foramen enclosed in the hypercoracoid, etc., and is in every way similar to one of the

types of T. hansoni, with which I have compared it.

(8) Trematomus loennhergii, sp. n. (PL VIII. fig. 4.)

Depth of body 4f to 5 in length, length of head 3 to 3|. Diameter of eye 3 to 4|-

in the length of head, interorbital width 7 to 10. Maxillary extending to below

anterior \ of eye ; upper surface of head to nostrils, cheeks, and opercles scaly ; 1 3 gill-

rakers on lower part of anterior arch. Dorsal V-VI, 33-34. Anal 31-33. Pectoral

as long as or a little shorter than head
;
pelvics extending to origin of anal or beyond.

Caudal rounded. Caudal peduncle longer than deep. 60 to 70 scales in a longitudinal

series from above pectoral fin to caudal ; 36 to 42 in upper lateral line, which ends below

posterior rays of dorsal ; lower lateral line without tubules.

Victoria Land, Graham Land, and neighbouring islands.

Here described from three specimens, two from the Discovery collection—the larger,

132 mm. in total length, from south-west of the Balleny Islands, 254 fathoms; the

smaller, 65 mm., in total length, from Tent Island, near Ross Island. The third

example, also about 65 mm., is from Seymour Island, and has been sent to me for

examination by Dr Lonnberg, who has recorded this species as Notothenia nicolai
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{Swedish South Polar Exped., Fish., p. 45). I have named the species after Dr

LoNNBERG in recognition of his kindness in sending me this and other specimens.

2. PIeu7'agramma, Bouleng., 1902.

"Southern Cross" Pisces, p. 187 (1902).

Closely related to Trematomvs, differing especially in the very thin cycloid scales,

the absence of pitted or tubular lateral line scales, and the feebly ossified skeleton, with

parapopliyses developed only on the posterior praecaudal vertebrae.

Coasts of the Antarctic Continent.

BouLENGER has placed this genus in the family Leptoscopidse, but it has no affinity

with Leptoscopus, and, on the other hand, is very near to Trematomus. A comparison

of Pleuragramma antarcticum with Trematomus newnesii shows a very close agree-

ment in external and internal characters, even to the number of fin-rays and vertebrae

;

the pectoral arch is precisely similar. In Pleuragram,ma the two lateral lines are

marked by scales with notched posterior edges, or, if the scales have been lost, by series

of pores.

Pleuragramm^a antarcticum.

Bouleng., I.e., pi. xviii. ; Vaillant, Exped. Anturcf. Frangaise, Poiss., p. 48 (1906); Pappenheim,

Deutsche Sildpolar- Exped., xiii., Zool., v. p. 164.

Depth of body 5 to 6 in the length, length of head 3| to 4. Diameter of eye 3| to

3f in the length of head, interorbital width 5 to 6. Lower jaw projecting ; maxillary

extending to below anterior \ of eye ; upper surface of head naked ; cheeks and opercles

scaly ; 20 to 25 gill-rakers on lower part of anterior arch. Dorsal VI-VII, 34-37.

Anal 36-38. Pectoral truncated, i to f length of head. Caudal slightly emarginate.

About 55 scales in a lateral longitudinal series. Silvery, back darker; sides and back

powdered with blackish dots.

Graham Land ; Wilhelm Land ; Victoria Land.

Here described from several specimens, 150 to 200 mm. in total length, including

the types of the species from Victoria Land [Southern Cross) and examples from near

Cape Armitage, Ross Island, and from south-west of the Balleny Islands (Discovery).

Vaillant gives D V, 39 ; A 38 ; Sq. 44, for specimens from Graham Land ; and Pappen-

heim, D V-VIII, 34-38 ; A 36-38 ; Sq. 56-60, for examples from Wilhelm Land.

3. Notothenia, Richards., 1844.

"Erebus" and. " Terror" Fish., p. 5 ; Giinth., Cat. Fish., ii. p. 260 (1860).

Macronotothen, Gill, Proc. Acad. Philad., 1861, p. 521.

Differs from Trematomus only in that the hypercoracoid foramen is margined below

by the hypocoracoid (fig. 3, 3, p. 249).

Coasts of the Antarctic Continent and northwards to Patagonia, the Falkland
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Islands, South Sandwich Islands, Marion Islands, Kerguelen, southern New Zealand,

and Chatham Islands.

Although the interorbital region is relatively broader in the larger fish, its width,

compared with the length of the head, is an important specific character. By the

" interorbital width " is here understood the actual width of the osseous interorbital

space ; this is nearly always less, and when narrow proportionately much less, than the

interorbital width as measured by Boulenger.

Synopsis of the Species.

I. Opercles fully scaled.

A. Upper surface and sides of head scaly, except snout and prseorbital ; inter-

orbital width \ the length of head, or more.

1. Upper lateral line of 62 to 65 tubular scales ; D VI, 32-34. A. 30-32.

3 lateral lines . . . . . . . . .1. trigramma.

2 lateral lines .......... 2. canina.

2. Upper lateral line of 40 to 55 tubular scales. D V-VII, 32-37. A 31-35.

a. 21 to 25 gill-rakers on lower part of anterior arch. D VII (VIII),

34-36. A. 32-34 3. ramsayi.

h. 14 to 19 gill-rakers on lower part of anterior arch.

a. Upper lateral line not or scarcely extending beyond end of dorsal

fin ; diameter of eye 4^ to 6 in length of head (in specimens up

to 250 mm.). D VI-VII, 32-34. A. 31-34 4. tesselata.

/3. Upper lateral line nearly reaching caudal fin.

D VI-VII, 33-36. A 32-34. 16 to 19 gill-rakers on lower part of anterior

arch. Eye 31 to 4f in length of head (in specimens of 125 to 250 mm.)

5, iviltoni.

D V (VI), 35-37. A 32-35. 16 to 19 gill-rakers on lower part of anterior

arch. Eye 4 to 4-^- in length of head (in specimens of 90 to 180 mm.)

6. brevicauda.

D V-VI, 34-35. A 32-34. 14 or 15 gill-rakers on lower part of anterior arch.

Eye 3 to 3| in length of head (in specimens of 130 to 180 mm.) 7. longijoes.

3. Upper lateral line of 30 to 35 tubular scales; D V-VI, 28-31.

A 27-30 8. sima.

B. Upper surface and sides of head scaly, including prseorbital (and snout also

except in N. scotti).

1. Interorbital width 6 in length of head ; D VI-VII, 32-33. A 35-36.

9. lepidorhinus.

2. Interorbital width 9 to 1 3 in length of head.

D IV-V, 36-37. A 32 10. squamifrons.

D VI, 37-39. A 38 11. larseni.

D V, 33. A 31 12. scotti.
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C. Upper surface and sides of head scaly (except in N. nudifrons) ; prseorbital

naked ; interorbital width y^Q the length of head, or less.

1. Lower lateral line of 32 to 41 tubular scales; D VII-VIII, 31-33.

A 31-33 18. gibberifrons.

2. Lower lateral line of 15 to 18 tubular scales ; D VI-VII, 28-30. A 28-31.

14. acuta.

3. Lower lateral line without tubular scales.

Upper surface of head scaly. D VII, 32. A 32 . . .15. vaillanti.

Upper surface of head scaly. D IV-V, 35-37. A 33-35 . . 16. vnizops.

Upper surface of head naked. D IV-VI, 37-39. A 34-36 . 17. nudifrons.

II. Opercles scaly above, naked below ; upper surface of head scaly.

Interorbital width 10 in length of head. D VII, 29. A 27 18. marionensis.

Interorbital width 20 in length of head. D V-VI, 29-30. A 30-31.

19. angustifrons.

III. Opercles scaled only on upper part of operculum ; upper surface of head naked.

A. Anal of 27-33 rays.

a. Interorbital width 12 in length of head. D VI, 33. A 31.

20. elegans.

h. Interorbital width 4 to 7 in length of head.

Cheek usually scaly behind eye. D IV-VI, 31-34. A 27-31 21. cornucola.

Cheek scaly below and behind eye, its lower | (young) or \ (adult) naked.

D IV-VI, 33-36. A 30-33 22. cyaneobrancha.

Cheek scaly behind eye. D III-VII, 35-41. A 27-31 . 23. coiiiceps.

c. Interorbital width 3| in length of head. D VI-VII, 33-35. A 27-29.

24. rossii.

B. Anal of 22 to 25 rays ; interorbital width 2| to 4| in length of head.

D IV, 29-31. 48 to 56 scales in a lateral longitudinal series.

25. macrocephala.

D VI-VII, 28-29. 52 to 58 scales in a lateral longitudinal series.

26. onicrolepidota.

J) VI-VIIl, 26-27. 84 to 92 scales in a lateral longitudinal series 27. colbecki

C. Anal of 18 to 20 rays ; interorbital width about 4 in length of head.

28. Jilholi

(1) Notothenia trigyximma, sp. n. (PL VI. fig. 2.)

Depth of body 5 in the length, length of head 4. Diameter of eye 5 in the length

of head and equal to the interorbital width. Lower jaw projecting ; maxillary

extending to below anterior ^ of eye ; upper surface of head, except snout, cheeks and

opercles scaly ; 15 gill-rakers on lower part of anterior arch. Dorsal VI, 34. Anal 32.

Pectoral longer than pelvics, f as long as head, extending to above anal. Caudal

rounded. About 85 scales in a lateral longitudinal series, 65 in upper lateral line,
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which nearly reaches caudal, 13 in line on middle of tail, and 40 to 45 in a third lower

lateral line, which is separated by 4 or 5 longitudinal series of scales from the base of

the anal fin. Brownish ; fins darker.

Port Stanley, Falklands.

Total length 280 mm.

I was at first inclined to make this species the type of a new genus, but on examining

related species of Nototlienia I found a specimen of N. hrevicauda with a third lateral

line on one side only, formed of 10 tubular scales and separated from the posterior part

of the anal fin by 3 series of scales.

(2) Notothenia canina.

Smitt, Bill. Sv. Vet.-Akad. HaiidL, xxiii., iv., No. 3, p. 32, pi. ii, fig. 2:2 (1897).

Evidently closely related to N. tesselata, but the outer series of teeth stronger,

spaced, more canine-like, and the upper lateral line with 62 to 65 tubular scales.

Dorsal VI, 32-33. Anal 30-31.

East coast of Patagonia.

Total length 138 mm.

Notothenia acuta, Steind. {non Giinther) (Zool. Jahrh., Suppl. iv., 1897-8, p. 303),

from Chile, is probably closely related to N. canina.

(3) Notothenia ramsayi, sp. n. (PL VII. fig. 1.)

Depth of body 4 to 5-^- in the length of the fish, length of head about 3^.

Diameter of eye 4 to A}^ in the length of head, interorbital width 4-^ to 7. Jaws

equal anteriorly ; maxillary extending to below anterior ^ of eye ; cheeks, opercles, and

upper surface of head, to between the nostrils, scaly; 21 to 25 gill-rakers on lower

part of anterior arch. Dorsal VII (VIII), 34-36. Anal 32-34. Pectoral from less

than I to f length of head
;
pelvies as long, extending to vent or to anal fin. Caudal

rounded or subtruncate. Caudal peduncle as long as deep, or deeper than long, its

least depth ^ to f the length of head. 60 to 72 scales in a longitudinal series, from

above base of pectoral to caudal fin ; 46 to 54 in upper lateral line, which almost

reaches the caudal ; 8 to 1 7 in lower lateral line. A lateral series of 5 to 7 dark blotches

or vertical bars.

Several specimens, 200 to 300 mm. in total length, taken on 1st December 1903

from the Burdwood Bank, Scotia Station 346, 54° 24' S., 50° 32' W. ; depth 56

fathoms; surface temperature 41 '8° F. ; one from Isthmus Bay, Magellan Straits,

14 fathoms (Coppinger).

This species is named in memory of Allan George Ramsay, chief engineer of the

Scotia, who died at Scotia Bay, South Orkneys, on 6th August 1903.
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(4) Notoihenia tesselata.

Richards., " Erelus" and "Terror" Fif-h., p. 19, pi. xii. figs. 3, 4 (1845); Giintli., Cat. Fish.,

ii. p. 260 (1860).

Notothenia veitchii, Giinth., Anri. Mag. Nat. Hist. (4), xiv., 1874, p. 370.

„ brevipes, Lonnberg, Swedish South Polar Exped., Fish., p. 15 (1905).

Depth of body 4-^ to G in the length, length of head 3^ to 3f . Diameter of eye

4^ to 6 in the length of head, interorbital width 5-^- to 6. Lower jaw rather prominent;

maxillary extending to below anterior part or middle of eye ; cheeks, opercles, and

upper surface of head, except snout, scaly; 14 to 16 gill-rakers on lower part of

anterior arch. Dorsal VI-VII, 32-34. Anal 31-34. Pectoral from less than

I to more than f the length of head, usually longer than pelvies, which seldom

reach the anal. Caudal rounded. Caudal peduncle deeper than long. 62 to

78 scales in a longitudinal series from above base of pectoral to caudal fin, 41 to 48

in upper lateral line, which ends below or a little behind end of dorsal fin, 6 to 11

in lower lateral line. Body marbled ; spinous dorsal dusky, pale at the base ; soft

dorsal, caudal, and sometimes anal, with series of dark spots.

Chile ; Magellan Straits ; Falkland Islands.

Here described from several examples, 140 to 250 mm. in total length, from the

Falkland Islands, Magellan Straits, and Chile, including the types of the species and

specimens from Station 118, Port Stanley, Falkland Islands, collected by the Scotia.

In young specimens {N. veitchii, N. hrevipes) the interorbital width is ] or ^r the length

of head.

(5) Notothenia wiltoni, sp. n. (PI. VII. fig. 2.)

Depth of body 4| to 5-^ in the length of the fish, length of head S^ to 3|.

Diameter of eye 3| to 4f in the length of head, interorbital width 6 to 7. Jaws equal

anteriorly ; maxillary extending to below anterior ^ of eye or beyond ; cheeks, opercles,

and upper surface of head, except snout, scaly; 16 to 19 gill rakers on lower part of

anterior arch. Dorsal VI-VII, 33-36. Anal 32-34. Pectoral | or f the length of

head
;

pelvics as long or somewhat longer, extending to vent or to anal fin. Caudal

rounded or subtruncate. Caudal peduncle deeper than long, its least depth | to ^j the

length of head. 62 to 70 scales in a longitudinal series from above base of pectoral

to caudal fin, 47 to 54 in upper lateral line, which almost reaches caudal, 7 to 14 in

lower lateral line. Body with irregular dark cross-bars ; spinous dorsal dusky, pale

at base.

Ten specimens, 125 to 250 mm. in total length—one from Orange Bay (Paris Mus.)

;

another from the Straits of Magellan (Coppinger) ; the others taken by the Scotia at

Port Stanley (Station 118) and Port William (Station 349), Falkland Islands (shore,'

51° 41' S., 57° 51' W,), and on the Burdwood Bank (Station 346, 54° 25' S., 57° 32' W.,

56 fathoms ; surface temperature 41"8° F. ; otter trawl; 1st December 1903).

This species is named after Mr D. W. Wilton, zoologist of the Scotia.
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(6) Notothenia hrevicauda.

Ldnnberg, Sivedish South Polar Exped., Fish., p. 6, pi. v. fig. 16 (1905).

Depth of body 4^ to 5 in the length of the fish, length of head 3^ to 4. Diameter

of eye 4 to 4|- in the length of head, interorbital width 7 or 8. Maxillary extending

to below anterior ^ of eye ; cheeks, 'opercles, and upper surface of head, except snout,

scaly; 16 to 19 gill-rakers on lower part of anterior arch. Dorsal V (VI), 35-37.

Anal 32-35. Pectoral f to f the length of head
;
pelvics as long or a little longer,

extending to the anal. Caudal rounded. Caudal peduncle \ to f as long as deep, its

least depth about \ the length of head. 60 to 70 scales in a longitudinal series from

above base of pectoral to caudal fin, 44 to 50 in upper lateral line, which ends 2 to 4

scales in front of the caudal, 4 to 12 in lower lateral line. Body with irregular dark

cross-bars ;
pectorals yellow

;
pelvics, anal, spinous dorsal, and base of soft dorsal dusky.

Magellan Straits ; Falkland Islands.

Twelve specimens, 90 to 180 mm. in total length, including examples from Port

Stanley (June 1903, 9-10 fathoms) and from Port William, Falkland Islands (January

1903, 6 fathoms). Lonnberg's type, a specimen of 120 mm., came from Tierra del

Fuego, and there are examples from that locality in the British Museum.

(7) Notothenia longipes.

Steind., (S'ifeMra(/s&. Akad. Wien, Ixxii., 1876, p. 70, pi. vi. fig. 7; Giintb., ^^ Challenger" Shore

Fish., p. 21 (1880).

Depth of body 5^ to 6t} in the length, length of head 3^ to 3f . Diameter of eye

3 to 3^ in the length of head, interorbital width 7 or 8. Maxillary extending to below

anterior \ of eye ; upper surface and sides of head, except snout and prseorbital, scaly
;

14 or 15 gill-rakers on lower part of anterior arch. Dorsal V-VI, 34-35. Anal 32-34.

Pectoral | to f the length of head, somewhat shorter than pelvics, which reach the anal.

Caudal rounded. Caudal peduncle f to | as long as deep, its least depth from ^ to |^

the length of head. 62 to 70 scales in a longitudinal series, 46 to 55 in upper lateral

line, which almost reaches caudal, 6 to 1 3 in lower lateral line. Body with irregular

brownish cross-bars.

Patagonia and Magellan Straits.

Here described from four examples, 130 to 180 mm. in total length.

(8) Notothenia sima.

Richards., ''Erebus" and " Terror" Fish., p. 19, pi. xi. fig. 1 (1845) ; Giinth., Cat. Fish., ii., p. 262 (1860).

Notothenia squamiceps, Peters, Monatsb. Akad. Berlin, 1876, p. 837.

„ karlandrem, Lbnnberg, Swedish Soidh Polar Exped., Fish., p. 14, pi. iv. fig. 13 (1905).

Depth of body 4 to 5 in the length, length of head 3^ to 3|. Diameter of eye

4 to 5 in the length of head, interorbital width 6 to 8. Maxillary extending to below

anterior part or middle of eye ; occiput, interorbital region, cheeks, and opercles scaly
;
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10 to 12 gill-rakers on lower part of anterior arch. Dorsal V-VI, 28-31. Anal 27-30.

Pectoral f to f the length of head, about as long as pelvics, which reach the vent.

Caudal rounded. Caudal peduncle much deeper than long. 40 to 46 scales in a

longitudinal series from above base of pectoral fin to caudal, 30 to 35 in upper lateral

line, which ends below posterior rays of dorsal, 2 to 12 in lower lateral line, when

developed. Body with irregular dark cross-bars ; vertical fins more or less dusky, the

caudal often barred and with 2 or 3 dark spots at the base.

Magellan Straits ; Falkland Islands.

Here described from several specimens, 60 to 120 mm. in total length, including

the type of the species, from the Falkland Islands, and a co-type of N. karlandrew.

The Scotia examples are from Station 118, Port Stanley, Falklands, 51° 41' S.,

57° 51' W., and there are others in the British Museum collection from Magellan.

(9) Notothenia lepidorhinus.

Notothenia lepidorhinus (part.), Pappenheim, Deutsche Siidpolar-Exped., xiii., Zool., v. p. 169,

pi. ix. fig. 1 and pi. x. fig. 1 (1912).

Depth of body 4 to A^ in the length, length of head 3^ to 3f. Diameter of eye

3 to 3-^- in the length of head, interorbital width about 6. Maxillary extending to

below anterior margin of pupil ; upper surface and sides of head, including snout and

prseorbital, scaly ; 16 gill-rakers on lower part of anterior arch. Dorsal VI-VII, 32-33.

Anal 35-36. Pectoral |- the length of head
;
pelvics extending beyond origin of anal.

Caudal rounded. Caudal peduncle somewhat deeper than long. 72 to 82 scales in a

longitudinal series, 45 to 56 in upper lateral line, 32 to 38 in lower lateral line. Body

with irregular dark cross-bars ; spinous dorsal dark anteriorly ; soft dorsal with dark

oblique stripes.

Wilhelm Land, 385 metres.

The types measure 186 to 240 mm. in total length.

(10) Notothenia squamifrons.

Giinth., " Challenger" Shore Fish., p. 16, pi. viii. fig. C (1880).

Depth of body 4^ in the length, length of head 3|. Diameter of eye 3 to 3^ in the

length of head, interorbital width 9 to 12. Maxillary extending to below anterior \ of

eye ; upper surface and sides of head, including snout and prseorbital, scaly ; 14 to 16

gill-rakers on lower part of anterior arch. Dorsal IV-V, 36-37. Anal 32. Pectoral

f the length of head, rather shorter than pelvics, which reach the anal. Caudal

peduncle deeper than long. 55 scales in a longitudinal series from above base of

pectoral to caudal, 44 or 45 in upper lateral line, which ends below end of dorsal, or

just behind it, 15 to 18 in lower lateral line. Body with broad irregular cross-bars;

cheek with two oblique stripes ; spinous dorsal blackish.

Kerguelen.

Here described from the types, two specimens, 110 and 150 mm. in total length.
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(11) Notothenia larseni.

Lonnberg, Sivedish South Polar Exped., Fish., p. 31, pi. i. fig. 3 (1905).

Depth of body 4^ to 5 in the length, length of head 3|. Diameter of eye 3 in

length of head, interorbital width 11 to 13. Maxillary extending a little beyond

vertical from anterior margin of eye ; upper surface and sides of head entirely scaly.

Dorsal VI, 37-39. Anal 38. Pectoral a little shorter than head, longer than pelvics,

which just reach anal. Caudal rounded. Caudal peduncle as long as deep. 69 to 7Q

scales in a longitudinal series above upper lateral line, which has 55 or 56 tubes and

nearly reaches caudal ; lower lateral line without tubes. Body with irregular cross-bars
;

dorsal with oblique series of spots.

South Georgia; length 178 mm.

(12) Notothenia scotti.

Bouleng., Nat. Antard. Exped. Nat. Hid., ii. Fi?h., p. 2, pi. i. fig. 1 (1907).

Depth of body b^ in the length, length of head 3^. Diameter of eye 2| in the

length of head, interorbital width 12. Maxillary extending to below anterior ^ of eye
;

upper surface of head, except snout, and sides of head, including praeorbital, scaly
;

12 gill-rakers on lower part of anterior arch. Dorsal V, 33. Anal 31. Pectoral f the

length of head, somewhat shorter than pelvics, which reach anal. Caudal peduncle as

long as deep. 50 scales in a longitudinal series from above base of pectoral to caudal,

probably about 40 in upper lateral line. Body with irregular cross-bars ; spinous

dorsal blackish ; soft dorsal and anal blackish posteriorly.

Near Edward Land.

Here described from the type, a specimen of 110 mm. taken at a depth of 300

fathoms off the Ross Barrier, 27th January 1902. In the original description and figure

the fin-rays are miscounted.

(13) Notothenia gihberifrons.

Lonnberg, Sivedish South Polar Exped., Fish., p. 33, pi. iii. fig. 10 (1905); Yaillant, Exped.

Antard. Fran^aise, Poiss., p. 33 (1906).

Depth of body 5 to 5 J in the length, length of head 3^ to 3f. Diameter of eye

4 to 4f in the length of head, interorbital width 12 to 16. Jaws equal anteriorly;

maxillary not or barely reaching vertical from anterior margin of eye ; cheeks, opercles,

and upper surface of head to nostrils scaly ; 1 gill-rakers on lower part of anterior arch.

Dorsal VII-VIII, 31-33. Anal 31-33. Pectoral | the length of head
;
pelvics f to f

length of head, not reaching vent. Caudal truncate. Caudal peduncle nearly as long

as deep ; 55 to 66 scales in a longitudinal series from above base of pectoral to caudal, 36

to 44 (to bXjide Lonnberg) in upper lateral line, which ends below posterior part of dorsal,

32 to 41 in lower lateral line. Upper part of body irregularly spotted ; dorsal, caudal,

and pectoral fins with series bf dark spots. A water-colour drawing shows the ground

colour yellow, the fins greenish, the spots brown.
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Graham Land ; South Georgia ; South Orkneys ; South Shetlands.

Here described from six specimens, 280 to 340 mm. in total length, taken in July

1903 at Station 325, Scotia Bay, 27 fathoms, and Station 326, Jessie Bay, 10 fathoms,

South Orkneys ; there are also two quite small specimens from the same locality.

Lonnbekg's types come from South Georgia, and there is a specimen in the British

Museum from the South Shetlands.

(14) Notothenia acuta. (PI. VIII. fig. 3.)

Giinth., " GJiallenger " Shore Fish., p. 17 (1880); Pappenheim, Deutsche Sildpolar-Exped., \m.,

Zool, V. p. 171, pi. ix. fig. 3 (1912).

Depth of body 6 in the length, length of head 3^. Diameter of eye 3f in the

length of head, interorbital width 16. Maxillary extending to below anterior ^ of eye
;

sides and upper surface of head scaly, except snout and prseorbital ; 12 gill-rakers on

lower part of anterior arch. Dorsal VI (Vll), (28-29) 30. Anal (28-30) 31. Pectoral

nearly as long as the head, longer than pelvics, which reach the vent. Caudal peduncle

somewhat deeper than long. 60 scales in a longitudinal series from above base of

pectoral to caudal, 38 in upper lateral line, which ends below posterior part of dorsal,

16 to 18 in lower lateral line. Body marbled ; dorsal rays with series of small spots;

caudal barred.

Kerguelen,

Here described from the type, about 62 mm. in total length, from Kerguelen.

(15) Notothenia vaiUanti, n. sp.

Notothenia acutd (nan Giinth.), Vaillanfc, Exped. Antard. Franr/xise, Poise., p. 31 (1906).

Depth of body 5| in the length, length of head 3^. Diameter of eye 3 in the length

of head, interorbital width 14. Maxillary extending to below anterior ^ of eye;

sides and upper surface of head scaly, except snout and prseorbital; 10 gill-rakers on

lower part of anterior arch. Dorsal VII, 32. Anal 32. Pectoral a little shorter

than head, as long as pelvics, which reach the anal. Caudal peduncle a little longer

than deep. 55 scales in a longitudmal series from above pectoral fin to caudal, 34 in

upper lateral line, which ends below posterior part of dorsal ; lower lateral line without

tubular scales. Body with irregular cross-bars, broken up into 3 or 4 series of

alternating spots ; dorsal with small spots ; caudal barred.

Graham Land ; Booth, Wandel, and Wiencke Islands.

Here described from a specimen of 56 (46 + 10) ram. Measurements of this example

are given by Vaillant {t.c, p. 32), and also those of a much larger fish, 410 mm. in

length to base of caudal, with the eye I and the interorbital width y\j^ of the length

of the head.
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(16) Notothenia mizops.

Gunth., " Challenger" Shore Fish., p. 16, pi. viii. fig. D (1880).

Depth of body 4-^ to 4f in the length, length of head 3f to 4. Diameter of eye

3 to 3| in the length of head, interorbital width about 15. Maxillary extending to

below anterior ^ or ^ of eye ; cheeks, opercles, occiput, and interorbital region scaly
;

9 to 13 gill-rakers on lower part of anterior arch. Dorsal lY-V, 35-37. Anal 33-35.

Pectoral f to f the length of head
;
pelvics longer, reaching the anal. Caudal rounded.

Caudal peduncle deeper than long. 48 to 55 scales in a longitudinal series from above

base of pectoral to caudal, 33 to 38 in upper lateral line, which ends below posterior

part of dorsal ; lower lateral line without tubular scales. Body with 2 series of

large, partly confluent, irregular blackish spots ; cheek with 2 oblique stripes ; a

blackish spot on spinous dorsal ; vertical fins with or without series of dark spots.

Kerguelen.

Here described from the types, five specimens, 70 to 170 mm. in total length.

(17) Notothenia nudifrons.

Notothenia mizops var. nudifrons, Loniiberg, Swedish South Polar Exped., Fish., p. 30, pi. i.

fig. 2 (1905).

Notothenia mizops, Vaillant, Exped. Antard. Frangaise, Poiss., p. 30 (1906).

Closely related to N. mizops, but occiput and interorbital region naked, fin-

rays usually more numerous (Dorsal IV-VI, 37-39. Anal 34-36), and scales smaller,

55 to 65 in a longitudinal series ; 11 or 12 gill-rakers on lower part of anterior arch.

Coloration of N. mizops. A water-colour drawing shows the fish reddish, the spots

dark brown.

South Georgia ; South Orkneys ; Graham Land.

Here described from nine specimens, 70 to 150 mm. in total length, from Station

325, Scotia Bay, South Orkneys, depth 9 to 10 fathoms (June 1903), from South

Georgia (Swedish Expedition), and from Graham Land (Paris Mus.).

18. Notothenia marionensis. (PI. VIIL, fig. 2.)

Giinth., " Challenger" Shore Fish., p. 17 (1880).

Depth of body 5 in the length, length of head 3f . Diameter of eye 4 in the length

of head, interorbital width 10. Jaws equal anteriorly; maxillary extending to below

anterior ^ of eye
; scales on upper half of cheek and opercles, on interorbital region and

occiput
; a transverse naked strip separating last from scales of nape ; 11 gill-rakers on

lower part of anterior arch. Dorsal VII, 29. Anal 27. Pectoral fin f ,
pelvic f the

length of head. Caudal rounded or subtruncate. Caudal peduncle deeper than long.

48 scales in a longitudinal series from above base of pectoral to caudal fin ; 35 in upper

lateral line, which ends below posterior part of dorsal ; 16 in lower lateral line. Body
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with irregular dark spots ; a blackish spot on upper part of base of pectoral ; dorsal

and caudal with series of small spots.

Marion Island.

Here described from the type, 82 mm. in total length, from Marion Island,

50 to 75 fathoms.

(19) Notothenia migustifrons. (PI. VIII. fig. 1.)

Fischer, Jahrb. Hamburg Wiss. Anst., ii., 188.5, p. 55.

Depth of body 5 in the length, length of head 3f . Diameter of eye 4 in the length

of head, interorbital width about 20. Maxillary extending to below anterior margin

or anterior ^ of eye ; upper surface of head scaly to between nostrils ; cheeks and

opercles in great part scaly, but naked below ; 10 or 11 gill-rakers on lower part of

anterior arch. Dorsal V-VI, 29-30. Anal 30-31. Pectoral nearly as long as head,

longer than pelvics. Caudal rounded. Caudal peduncle about as long as deep.

46 to 52 scales in a longitudinal series from above base of pectoral to caudal, 26 to 33

in upper lateral line, which ends below middle or posterior part of soft dorsal, 16 to

23 in lower lateral line. Dark bars across the back, which break up into spots on the

sides of the body ; often a bar through spinous dorsal connecting the bases of the

pectorals ; dorsal, caudal, and pectoral fins with series of small dark spots on the rays

;

pelvics and anal pale, sometimes with a few spots.

South Georgia ; South Sandwich Islands.

Here described from six specimens, 70 to 116 mm. in total length, one from

South Georgia (Lonnberg), the rest from the South Sandwich group (Allardyce).

(20) Notothenia elegans.

Giinth., " Challenger" Shore Fish., p. 21, pi. xi. fig. C (1880).

Depth of body 6 to 7 in the length, length of head 4^. Diameter of eye 3| in

the length of head, interorbital width 12. Maxillary extending to below anterior

^ of eye ; a few scales behind eye and on upper part of operculum, rest of head

probably scaleless ; 10 gill-rakers on lower part of anterior arch. Dorsal VI, 33.

Anal 31. Pectoral f the length of head, rather shorter than the pelvics, which reach

the anal. Caudal rounded. Caudal peduncle somewhat deeper than long. 46 to 48

scales in a longitudinal series from above base of pectoral to caudal, 40 or 41 in upper

lateral line, which ends below last rays of dorsal, 4 to 9 in lower lateral line. Large

dark spots or vertical bars on sides of body ; tip of spinous dorsal pink ; soft dorsal

with 3 or 4 series of small dark spots.

Magellan Straits.

Here described from the types, two specimens 95 mm. in total length, from off

Cape Virgins, Patagonia, 55 fathoms.
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(21) Notothenia cornucola.

Richards., "Urebiis" and "Terror" Fish., pp. 8, 18, pis. viii. figs. 4, 5, and xi. figs. 3, 4 (1845)

;

Giinth., Cat. Fish., ii. p. 261 (1860).

Notothenia vinjata, Richards., t.c, p. 18, pi. xi. figs. 5, 6 ; Giinth., t.c, p. 262.

,, maryinata, Richards., t.c, p. 18, pi. xii. figs. 3, 4.

„ modesta, Steind., Zool. Jahrb. Suppl., iv., 1898, p. 302, pi. xx. fig. 3.

Depth of body 3f to 4| in the length, length of head 3 to 3J. Diameter of eye

4| to 5 in the length of head, interorbital width 5| to 7. Jaws equal anteriorly
;

maxillary extending to below middle of eye ; usually a few scales behind eye and on

upper part of operculum ; 11 or 12 gill-rakers on the lower part of anterior arch.

Dorsal IV-VI, 31-34. Anal 27-31. Pectoral about f the length of head, extending

to above origin of anal or a little beyond ; pelvics about as long. Caudal rounded.

Caudal peduncle much deeper than long. 47 to 55 scales in a longitudinal series from

above base of pectoral to caudal, 36 to 42 in upper lateral line, which ends below last

2 or 3 rays of dorsal ; 6 to 12 in lower lateral line, when it is developed ; only 2 or 3

scales between lateral line and posterior rays of dorsal. Body usually spotted or

marbled, sometimes with a pale lateral band ; vertical fins dusky.

Patagonia ; Magellan Straits ; Falkland Islands ; New Zealand ; Chatham Islands.

Here described from numerous specimens, 90 to 140 mm. in total length, including

the types of the species, of N. virgata and of N. marginata, mostly from the Falkland

Islands and Magellan Straits ; one small specimen from New Zealand. Some examples

were taken at Station 118, Port Stanley, Falkland Islands, shore, by the Scotia.

(22) Notothenia cynaneohrancha.

Richards., "Erebus" and "Terror" Fish., p. 7, pi. iv. (1844); Gunth., Cat. Fish., ii. p. 261 (1860).

Notothenia purpuriceps, Richards., I.e., pi. ii. figs. 3, 4; Giinth., t.c, p. 262.

Depth of body 4 to 5 in the length, length of head 3 to 4. Diameter of eye

4 to 6 in the length of head, interorbital width 5 to 6. Jaws equal anteriorly

;

maxillary extending to below middle or posterior part of eye ; upper surface of head

naked except for a few temporal and post-temporal scales, which may be absent in the

young ; cheek scaly behind and below eye, the lower | (young) or ^ (adult) naked

;

upper part of operculum scaly ; 10 to 13 gill-rakers on lower part of anterior arch.

Dorsal IV-VI, 33-36. Anal 30-33. Pectoral | the length of head, extending to

above vent or origin of anal (adult) or a little beyond (young)
;
pelvics about as long.

Caudal rounded. Caudal peduncle much deeper than long. 60 to 70 scales in a

longitudinal series from above base of pectoral to caudal, 32 to 39 in upper lateral

line, which ends below posterior part of dorsal ; lower lateral line, when developed,

with 6 to 15 tubular scales. A dark oblique stripe from eye to angle of prseoperculum,

another below it.
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Kerojuelen.

Here described from several specimens, 120 to 260 mm. in total length, including

the typo of the species.

(23) Notothenia coi'iiceps.

Richards., "Erebus" and "Terror" Fish., p. 5, pi. iii. figs. 1, 2 (1884); Gunth., Cat. Fish., ii.

p. 261 (1860) ; Vaill., Expkl. Antard. Fran^aise, Poiss., p. 24 (1906).

Depth of body 3f to i^ in the length, length of head 3 to 3|. Diameter of eye

4^ to 7 in the length of head, interorbital width 4 to 5. Jaws equal anteriorly
;

maxillary extending to below middle (young) or posterior margin (adult) of eye ; head

naked except for a few scales behind eye, on upper part of operculum, and on post-

temporal region; 10 to 14 gill-rakers on lower part of anterior arch. Dorsal III-VII,

35-40. Anal 27-31. Pectoral from less than f (in large specimens) to f the length

of head, extending to above origin or anterior rays of anal
;

pelvics shorter, not or

barely reaching vent. Caudal subtruncate. Caudal peduncle nearly as long as deep.

54 to 68 scales in a longitudinal series from above base of pectoral to caudal, 34 to 49

in upper lateral line, which ends below posterior part of dorsal, 8 to 17 in lower lateral

line ; 4 or 5 scales between lateral line and posterior dorsal rays. Colour varying from

dark greenish black to a pale orange, with or w^ithout spots or marking ; usually one

or two oblique dark bars across cheek, sometimes broken up into spots ; head sometimes

with pale spots enclosed in dark rings ; spots on body and dorsal fin sometimes large

and tesselated, more often smaller and scattered, rarely uniting to form longitudinal

stripes ; soft dorsal and anal usually with a pale edge.

Graham Land and neighbouring islands ; Kerguelen ; Victoria Land.

Here described from a large series of specimens obtained by the Scotia at Station 325,

Scotia Bay, South Orkneys, 160 to 450 mm. in total length, in addition to the type

of the species from Kerguelen, examples from Duke of York Island and Cape Adare,

Victoria Land {Southern Cross), and from Graham Land (Frangais).

(24) Notothenia rossii.

Richards., "Erebus" and "Terror" Fish., p. 9, pi. v. figs. 1, 2 (1844); Giinth., Cat. Fish., ii.

p. 263 (1860).

Macronotothen rossii, Gill, Proe. Acad. Philad., 1861, p. 521.

Notothenia marmorata, Fischer, Jahrh. Havib. Wiss. Anst., ii., 1885, p. 53; Lonnberg, Swedish

South Polar Exped., Fish., p. 34.

Depth of body 4 j- to 4| in the length, length of head 3| to 3f. Diameter of eye

5 to 5^ in the length of head, interorbital width 3^. Jaws equal anteriorly ; maxillary

extending to below anterior margin of pupil ; scales on upper part of cheek and operculum

and on temporal region ; upper surface of head papillose ; 12 gill-rakers on lower part

of anterior arch. Dorsal V-VH, 33-35. Anal 27-29. Pectoral | the length of head,

longer than pelvics. Caudal truncate. Caudal peduncle as long as or a little longer

than deep. 58 to 62 scales in a longitudinal series from above base of pectoral fin to
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caudal, 46 to 52 in upper lateral line, which ends below posterior rays of dorsal, 10

to 18 in lower lateral line. Body marbled; dorsal with 2 or 3 series of dark spots

;

anal and caudal with a dark band.

South Georgia ; South Orkneys.

Here described from two specimens, 250 mm. in total length, from South Georgia
;

a little fish, 62 mm. in total length, obtained by the Scotia at Station 325, Scotia

Bay, South Orkneys, seems to belong to this species.

Notothenia rossii was based on a large stuffed specimen, 850 mm. in total length,

with the dorsal spines short and blunt as they often are in large Nototheniids.

(25) Notothenia macrocephala.

Giiuth., Cat. Fish., ii. p. 263 (1860).

Notothenia maoriensis, Haast, Trans. N.Z. Inst., v., 1873, p. 276, pi. xvi. fig.

,,
angudata, Hutton, Ann. Mag. Nat. Hist. (4), xvi., 1875, p. 315.

„ hassleriana, Steind., Sitzungsb. Akad. Wien, Ixxii., 1876, p. 69, pi. vi. fig.

., antarctica, Peters, Monatsb. Akad. Berlin, 1876, p. 837.

,, arguta, Hutton, Trans. N.Z. Inst., xi., 1879, p. 339.

,, porteri, Delfin, Bev. Ghilen. Hist. Nat., iii., 1899, p. 117.

Depth of body 3 to 4 in the length, length of head 3^ to 3f. Diameter of eye

4 to 6 in the length of head, interorbital width 2-| to 3|. Jaws equal anteriorly
;

maxillary extending to below anterior \ of eye ; imbricate scales behind eye and on

upper part of operculum ; upper surface and sides of head otherwise naked, papillose

;

10 to 12 gill-rakers on lower part of anterior arch. Dorsal IV (III-VI), 29-31. Anal

22-25, Pectoral | to f the length of head, considerably longer than pelvics. Caudal

truncate or slightly emarginate. Caudal peduncle usually somewhat longer than deep,

48 to 56 scales in a longitudinal series from above base of pectoral fin to caudal; 36

to 44 in upper lateral line, which ends below posterior rays of dorsal, 6 to 12 in lower

lateral line. More or less distinct longitudinal stripes or series of spots on the sides
;

dorsal dusky, sometimes reticulated ; caudal, anal, and pelvics sometimes similarly

coloured.

Patagonia ; Magellan Straits ; Falkland Islands ; New Zealand ; Auckland Island
;

Campbell Island.

Here described from several specimens, 130 to 280 mm. in total length, from New
Zealand, Campbell Island, Magellan Straits, and the Falkland Islands. In addition

to the type of the species, types of N. arguta and N. angustata have been examined.

(26) Notothenia microlepidota.

Hutton, Trans. N.Z. Inst., viii., 1876, p. 213; Waite, Subantardic Isl. N. Zealand, Pisces,

p. 590, fig. (1909).

Notothenia parva, Hutton, Trans. N.Z. Inst., xi., 1879, p. 339.

Depth of body 4 to 5 in the length, length of head 3^ to 3-^. Diameter of eye

4 J to 6^ in the length of head, interorbital width 3^ to 4^-. Upper surface of head
TRANS. ROY. SOC. EDIN., VOL. XLIX. PART II. (NO. 2). 36
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naked, papillose ; sides mostly naked, scaly behind the eye and on upper part of

operculum ; 11 or 12 gill-rakers on lower part of anterior arch. Dorsal VI-VII, 28-29.

Anal 23-25. Pectoral ^- (adult) to f (young) the length of head
;

pelvics nearly as

long, not reaching vent. Caudal rounded or subtruncate. Caudal peduncle deeper

than long. 52 to 58 scales in a longitudinal series from above base of pectoral fin to

caudal, 52 to 60 in upper lateral line, which ends near end of dorsal fin, 10 to 15 in

lower lateral line. Head reticulated ; body and fins spotted.

New Zealand ; Auckland Island ; Campbell Island.

Here described from five specimens, 90 to 500 mm. in total length, from Auckland

and Campbell Islands, the smallest the type of N. parva.

(27) Notothenia colhecki.

Bouleng., "Southern Cross" Pisces, p. 185, pi. xvi. (1902) ; Waite, Suhantarctic Isl. N. Zealand,

Pisces, p. 594 (1909).

Depth of body 4 to 5 in the length, length of head 3^ to 3f. Diameter of eye

5 to 7 in the length of head, interorbital width 3 to 4. Maxillary extending to below

anterior part or middle of eye ; head mostly naked, with granular papillae, scaly behind

the eye and on upper part of operculum ; 15 to 18 gill-rakers on lower part of anterior

arch. Dorsal VI-VIII, 26-27. Anal 23-24. Pectoral | to | the length of head, some-

what longer than pelvics, which do not reach the vent. Caudal emarginate. Caudal

peduncle longer than deep, 84 to 92 scales in a longitudinal series from above base of

pectoral to caudal, 62 to 69 in upper lateral line, which ends near end of dorsal fin,

24 to 35 in lower lateral line. Brownish above, yellowish below ; a pair of oblique

stripes across the cheek ; dorsal and caudal dusky.

Auckland Island ; Campbell Island.

Here described from specimens 125 to 550 mm. in total length, including the types

from Campbell Island and a large stuffed specimen from Auckland,

(28) Notothenia Jilholi.

Sauvage, Bull. Sac. 'pliilom. (7), iv., 1880, p. 228; Passage tie Venus, iii. p. 345 (1885); Vaillant,

Exped. Antarct. Frangaise, Poiss., p. 22 (1906).

Depth of body about 6 in the length, length of head 3|- to 4. Diameter of eye

4f to 5 in length of head, interorbital width about 4, Head mostly naked, with

granular papillae ; scaly behind the eye and on upper part of operculum. Dorsal

VI-VII, 24-27. Anal 18-20. Caudal emarginate. Caudal peduncle longer than deep.

Scales in a longitudinal series 100 to 110 (Sauvage) or 78 (Vaillant), the discrepancy

probably due to diff'erent methods of counting. Lower lateral line extending forward

to above middle of anal, its anterior 15 scales overlapj)ed by the upper. Brownish.

Campbell Island.

Total length 150 mm.
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4. Dissostichus, Sraitt, 1898.

Bih. Svensk. Vet.-Akad. Handl., xxiv., iv., No. 5, p. 1.

Differs from Notothenia in that the teeth are uniserial, spaced, canine-like.

Patagonia to Graham Land.

Dissostichus eleginoides.

Smitt, i.e., p. 2, pi. i. figs. 1-11 ; Vaiilant, Exped. Antard. Fran<;aise, Poiss., p. 36.

Depth of body about 6 in the length, length of head 3. Diameter of eye about

5 in the length of head, interorbital width about 4-|^ (? 5^). Maxillary extending to

below middle of eye ; upper surface of head to nostrils, cheeks and opercles scaly.

Dorsal IX-X, 27-28. Anal 28-30. Pectoral | the length of head. Caudal truncate

or slightly emarginate. Caudal peduncle much longer than deep. About 124 scales

in a longitudinal series ; upper lateral line extending back beyond dorsal, lower extend-

ing forward nearly to the pectoral.

Total length of the type, 228 mm.

Magellan Straits ; Graham Land,

5. Eleginoj)S, Gill, 1861.

Proc. Acad. Philad., 1861, p. 522.

Eleginus (non Fischer), Cuv. and Val., Hist. Nat. Poiss., v. p. 158 (1830); Giinth., Cat. Fish.,

ii. p. 247 (1860).

This genus differs from Notothenia in the rather small mouth, in the complete

absence of the lower lateral line, and in the shape of the pectoral fin,

Chile ; Patagonia
; Falkland Islands.

Eleginops maclovinus.

Eleginus maclovinus, Cuv. and Val., I.e. ; Giinth., I.e.

„ chilensis, Cuv. and Val., o.c., ix. p. 480 (1833); Giinth., I.e.

Aphritis undulatus, Jenyns, Zool. ''Beagle," Fish., p. 160, pi. xxix. fig. 1 ; Giinth., t.c, p. 243.

,, porosus, Jenyns, I.e., p. 162; Giinth., I.e.

Eleginus falklandicus, Richards., "Erebus" and "Terror" Fish., p. 30, pi. xx. figs. 1-3 (1845).

Depth of body i^ to 5|- in the length, length of head S^ to 4. Diameter of eye

5 to 8 in the length of head, interorbital width 3 to 5. Maxillary just reaching

vertical from anterior margin of eye in the young, but not in the adult ; occiput, inter-

orbital region, cheeks, and opercles scaly ; 14 or 15 gill-rakers on lower part of anterior

arch. Dorsal VIII-JX, 24-26. Anal 22-24. Pectoral obliquely truncated, with the

upper rays longest, nearly as long as head. Caudal truncate or emarginate. About
60 scales in a lateral longitudinal series, and 65 in the lateral line, which nearly reaches

the caudal fin. Body often spotted or marbled.

Chile
; Patagonia ; Falkland Islands.

Here described from several specimens, 120 to 450 mm. in total length.
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6. Artedidraco, Lonnberg, 1905.

Swedish South Polar Exped., Fish., p. 39.

Differs from Notoihenia in the naked body, the absence of the lower lateral line,

the presence of a mental barbel, the broad union of the gill-membranes to the isthmus,

and the hooked operculum.

Coasts of the Antarctic Continent and South Georgia.

(1) Artedidraco mirus.

Lonnberg, t.c, p. 40, pi. i. fig. 4 and pi. iv. fig. 14.

Barbel club-shaped in the male. Depth of body 4 in the length, length of head

2 1 to 2f. Diameter of eye 3^ to 4 in the length of head ; interorbital width 7 2 to 8|.

Dorsal III, 23-24. Anal 17.

Length of types 40 to 92 mm.

South Georgia.

(2) Artedidraco skottshergi.

Lonnberg, t.c, p. 48, pi. ii. fig. 7, pi. iv. fig. 15 ; Vaillant, Exped. Antard. Fran^aise, Poiss.,

p. 46 (1906).

Depth of body 4|- to 5 in the length, length of head 3. Diameter of eye 3 to 3|

in the length of head, interorbital width 9 or 10. Dorsal III, 24-25. Anal 18-19.

Graham Land, 125 m.

Length of type 57 mm.

(3) Artedidraco shackletoni.

Waite, Brit. Antarctic Exped., Fish., ]>. 15, pi. ii. (1911).

Depth of body 4 in the length, length of head about 3. Diameter of eye 3| in the

length of head, interorbital width 10. Dorsal V, 27. Anal 20.

Length of type 146 mm.

Victoria Land ; off Cape Royds, Ross Island, 30 to 80 fathoms.

7. Harpagifer, Richards., 1844.

"Erebus" and " Terror" Fish., p. 11.

Differs from Artedidraco in the absence of the mental barbel and the development

of the operculum and suboperculum as strong spines.

Patagonia to Graham Land and Kerguelen.

Harpagifer bisjnnis.

Batrachus hispinis {Callionymus hispinus, Forster), Schneid., Bloch's Syst. Ichth., p. 45 (1801).

Harpagifer bispinis, Richards., t.c, pp. 11, 19, pis. vii. figs. 1-3, xii. figs. 8-9 ; Giinth., Cat. Fish.,

p. 263 (1860); SniiLt, Bihang Svenslc. Vet.-Akad. Handl., xxiv., 1898, iv.. No. 5, p. 17;

Vaillant, Exped. Antard. Fran^aise, Poiss., p. 44 (1906); Pappenheim, Deutsche Siidpolar-

Exped., xiii., Zool., v. p. 177 (1912).

Harpagifer palliolatus, Richards., t.c., p 20, pi. xii. figs. 5-7.

Dorsal lil-V, 21-25. Anal 16-20. Coloration variable, usually with bars or

blotches.
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Total length 100 mm.

Patao-onia ; Magellan Straits ; Graham Land ; Falkland Islands ; South Georgia
;

South Orkneys ; Marion Islands ; Kerguelen.

The Scotia examples are from Station 118, Port Stanley, Falkland Islands, and

Station 325, Scotia Bay, South Orkneys.

Family 3. Bathydraconid^.

The depressed head, produced snout, non-protractile mouth, and absence of the

spinous dorsal fin distinguish this family externally from the Nototheniidse ; the genera

with spatulate snout may be distinguished from the Chsenichthyids without a spinous

dorsal fin by their scaly body.

The skeleton of Gymnodraco differs from that of Notoihenia in the more depressed

skull and more produced rostrum, the elongation of the palatine, which loses its lateral

ethmoid attachment, and the separation of the mesopterygoid and the metapterygoid,

so that the upper margin of the quadrate is free. The pectoral arch is as in Notothenia.

There are 49 vertebrae (20 + 29), the prsecaudals with parapophyses behind which

the long slender epipleurals are inserted, and the feeble ribs attached to the epipleurals

at some distance from the centra.

I have ascertained that Bathydraco agrees with Gymnodraco in the structure of

the palatine and of the pectoral arch, and in the presence of ribs.

Synopsis of the Genera.

I. Body scaly ; snout spatulate ; teeth villiform or cardiform, in bands, without

canines.

A single lateral line running to or towards middle of base of caudal fin ; body

completely scaled . . . . . . . 1. Bathydraco.

Lateral line running near base of dorsal fin ; body completely scaled.

2. Gerlachea.

Lateral line running near base of dorsal fin ; scales in scattered groups.

3. Racovitzaia.

[I. Body naked; snout pointed; teeth curved, compressed, close-set in a single

series, with strong anterior canines . . . . .4. Gymnodraco.

1, Bathydraco, Giinth., 1878.

Anji. Mag. Nat. Hist. (5), ii. p. 18.

Body scaly
; a single lateral line, running to or towards middle of base of caudal.

Snout spatulate
;
jaws with small villiform teeth in bands.

Antarctic, in deep water.

GiJNTHER has stated 10 branchiostegals for B. antarcticus, but I find only 7.

DoLLO gives 6 for B. scotiae, but I count 7 in that species also.
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(l) Bathydraco antarcticus.

Giiiith., I.e., and " Challenger" Deep-Sea Fish., p. 47, pi. viii. fig. A (1887).

Elongate, subcylindrical, the depth 9 in the length, length of head 3. Snout 1^ as

long as diameter of eye, which is 4 in length of head, interorbital width 20. Lower

jaw projecting ; maxillary reaching vertical from anterior margin of eye ; cheek com-

pletely scaled; 16 gill-rakers on lower part of anterior arch. Dorsal 36. Anal 31.

Caudal subtruncate. Pectoral truncated, as long as head without snout, reaching origin

of anal. About 140 scales in a lateral longitudinal series, about 60 in the lateral line,

which is complete. Brownish ; fins dusky.

South-east of Heard Island, 1260 fathoms.

Here described from the type, 260 mm. in total length.

(2) Bathydraco macrolepis.

Bouleng., Nat. Aniardic Exped. Nat. Hist., ii., Fish., p. 4, pi. i. fig. 3 (1907).

Depth of body 9 in the length, length of head 3. Snout If as long as diameter of

eye, which is 4^ in the length of head, interorbital width 14. Lower jaw projecting;

maxillary reaching vertical from anterior margin of eye ; cheeks naked below the sub-

orbitals ; 11 gill-rakers on lower part of anterior arch. Dorsal 34. Anal 29. Caudal

subtruncate. Pectoral as long as head behind middle of eye, reaching origin of anal.

About 90 scales in a lateral longitudinal series, about 55 in the lateral line, which is

complete. Brownish ; fins dusky.

South-west of Balleny Islands, 252 fathoms.

Here described from the type, 210 mm. in total length. In the original description

the number of gill-rakers was erroneously given as 6, and of dorsal rays as 39 ; the

latter number is also shown in the figure.

(3) Bathydraco scotife. (PI. IX. fig. 4.)

Dollo, Proc. Roy. Soc. Edin., xxvi., 1906, p. 65.

Depth of body 9 to 10 in the length, length of head 3|^. Snout If as long as eye,

the diameter of which is 5 in the length of head, interorbital width 12 or 13. Lower

jaw projecting ; maxillary not reaching the vertical from anterior margin of eye ; cheek

naked below the suborbitals; 19 to 22 gill-rakers on lower part of anterior arch.

Dorsal 38. Anal 31. Caudal subtruncate. Pectoral as long as head without snout,

extending a little beyond origin of anal. About 100 scales in a lateral longitudinal

series, 36 to 40 in the lateral line, which ends at a distance from the caudal equal to

\ its own length.

Two specimens, 133 and 145 mm. in total length, taken by the Scotia at Station 417,

71° 22' S., 16° 34' W., off Coats Land: depth 1410 fathoms; temperature 31-9° F.
;

trawl; 18th March 1904.
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2. 6'erZac/iea, Dollo, 1900.

Bull. Acad. Roy. Belg. Sciences, p. 195.

Differs from Bathydraco in that the lateral line runs near the base of the dorsal

fin ; a second short lateral line above base of anal.

Deep water off Graham Land.

Gerlachea australis.

Dollo, i.e., p. 196, and Res. Voy. " Belyica," Foiss., p. 25, pi. ii. fig. 1 and pi. v. fig. 2 (1904).

Depth of body 8f in the length, length of head 3|-. Snout twice as long as diameter

of eye, which is 5 in the length of head, interorbital width 11. Maxillary not reaching

vertical from anterior edge of eye ; cheek fully scaled. Dorsal 47. Anal 35.

Pectoral f the length of head. Caudal emarginate.

71" 14' S., 89° 14' W., 246 fathoms.

Total length 180 mm.

3. Racovitzaia, Dollo, 1900.

Bull. Acad. Roy. Belg. Sciences, p. 317.

Body with scattered groups of scales ; a single lateral line running near base of

dorsal fin ; an incubatory pouch between pelvic fins and vent ; in other characters

similar to Gerlachea.

Deep water off Graham Land.

Racovitzaia glacialis.

Dollo, f.c, p. 318, and Res. Voy. " Belgica," Foiss., p. 29, pi. ii. figs. 2, 3, pi. v. fig. 3 (1904).

Depth of body 12 in the length, length of head 3;^. Diameter of eye 4 in the length

of head, interorbital width 25. Maxillary not reaching vertical from anterior margin

of eye. Dorsal 30. Anal 27.

71° 19' S., 87° 37' W., 237 fathoms.

Total length 82 mm.&'

4. Gymnodraco, Bouleng., 1902.

"Southern Cross" Pisces, p. 186.

Body naked, depressed anteriorly, compressed posteriorly. Head depressed ; snout

produced, pointed
; jaws with curved compressed teeth, close-set in a single series and

with large anterior canines, those of the mandible exposed in front of the snout.

Operculum with a strong spine with a hooked branch ; suboperculum with a short

spine
; 6 branchiostegals

; gill-membranes forming a fold across isthmus. Two
lateral lines.

Coasts of the Antarctic Continent.
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Gymnodraco acuticeps.

Rouleng., I.e., pi. xvii. ; Pappenheini, Deutsche Siidpolar-Exped., xiii., Zool, v. p. 176, pi. ix. tig. 4 (1912).

Depth of body 8 in the length, length of head about 3. Snout as long as post-

orbital part of head. Diameter of eye 5 to 6 in length of head, interorbital width 6 to

7. Lower jaw strongly projecting ; maxillary extending to below anterior margin of

eye
;
gill-rakers short, sometimes almost vestigial except near the angle. Dorsal 28-30.

Anal 24-26. Pectoral truncated, | as long as head. Caudal truncate. Large dark

spots on head and body ; fins dusky.

Victoria Land ; Wilhelm Land.

Here described from the types, 200 to 300 mm. in total length, from Cape Adare,

4 to 8 fathoms.

Family 4. Ch^nichthyid^.

This family differs externally from the Nototheniidae in the naked body, produced

spatulate snout, and non-protractile mouth. The skeleton of Champsocephalus esox

shows several peculiarities. The skull is depressed, with the long rostral lamina formed

by the frontals and the ethmo-vomer ; the parasphenoid meets the frontals between the

small lateral ethmoids at the anterior margin of the orbit. The palatine is represented

by the maxillary process, attached to the lateral edge of the rostral lamina near its

anterior end, and by a posterior portion articulating with the lateral ethmoid, these

being connected by a long and slender ligament ; the pterygoid is slender, and there

is no mesopterygoid. The prseorbital is large, but the suborbitals are unossified. The

pectoral arch is as in Notothenia. There are 57 vertebrae (28 -(- 29) ; the epipleurals

are sessile, but the ribs are not ossified.

I have ascertained that Chmnichthys and Pagetopsis are essentially similar in the

structure of the rostrum, the palato-pterygoids and the pectoral arch, and in the

absence of ribs. In all the genera the mouth is verv distensible and the dentaries

are freely movable on the articulars ; this is the case, to a certain extent, in the

Bathydraconidse also.

Synopsis of the Genei'a.

L Two lateral lines
;
pelvic fin-rays all branched or bifid, the middle ones the longest.

A. Lateral line without bony plates ; a spinous dorsal fin, subcontinuous

with the soft dorsal.

No spine on snout ; spinous dorsal of 9 or 10 spines, not more than ^ the length

of soft dorsal . . . . . . . L Champsocephalus.

A median spine near end of snout ; spinous dorsal of 12 to 15 spines, more than

\ as long as soft dorsal . . . . . .2. Pagetopsis.

B. Lateral line with bony plates.

A spinous dorsal fin ........ 3. Cliseniclithys.

No spinous dorsal fin . . . . . . .4. Paraclixniehtliys.
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11. Two lateral lines ; outer rays of pelvic fins longest ; dorsal fins separated by

an interspace ; lateral line without bony plates . 5. Chsenocephalus.

III. Three lateral lines.

Pelvic fins of moderate length 6. Chionodraco.

Pelvic fins elongate, the rays simple 7. Cryodraco.

1. Champsocejphalus, GilL 1861.

Proc. Acad. Philad., p. 509.

Body naked, elongate ; 2 lateral lines, without bony plates. Eye nearly in

middle of length of head ; no spine on snout. Jaws with rather narrow bands of small

sharp teeth, forming only 2 series laterally ; lower jaw not projecting. Gill-rakers

short, but well developed on all the branchial arches, dentigerous, about 20 on lower

part of anterior arch. Spinous dorsal fin well developed, its base less than \ that of

the soft dorsal, with which it is almost continuous ;
pelvics comparatively short, with

the rays normally branched, the middle ones the longest.

Patagonia ; Magellan Straits ; South Georgia.

(1) Champsocephalus esox. (PI. X. fig. 1.)

Chasnichthijs esox, Giiiith., Ann. Mag. Nat. Hist. (3), vii., 1861, p. 89.

Depth of body 7 to 8 in the length, length of head 3 to 3^. Snout a little longer

than postorbital part of head. Diameter of eye 7 in the length of head, interorbital

width 4 to 5. Supraorbital edges not raised. Maxillary extending to below anterior

part or middle of eye. Uppermost opercular spine shorter than and quite distinct from

the middle one. Dorsal (IX) X, 33-36. Anal 32-35.

Body with dark cross-bars.

Patagonia ; Magellan Straits.

Here described from five specimens, 200 to 300 mm. in total length, including the

type of the species.

(2) Champsocephalus gunna^'i. (PL X. fig. 2.)

Lonnberg, Swedish South Polar Exped., Fish., p. 37 (1905).

Depth of body 6| in the length, length of head 3 J. Snout as long as postorbital

part of head. Diameter of eye 5 in the length of head, interorbital width 3|.

Supraorbital edges not raised. Maxillary extending to below anterior ^ of eye.

Uppermost and middle opercular spines only free distally, appearing as a single bifid

spine. Dorsal IX (X), 37-40. Anal 36-38. Plumbeous, with some broad darker

cross-bars.

South Georgia.

Here described from a specimen of 420 ram,
TRANS. ROY. SOC. EDIN., VOL. XLIX. PART II. (NO. 2). 37
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2. Pagetopsis, gen. nov.

Body naked, moderately elongate ; two lateral lines, without bony plates. Eye

behind middle of length of head ; an antrorse curved spine near end of snout. Teeth

in jaws small, sharp, biserial ; lower jaw slightly projecting
;

gill-rakers vestigial or

absent. Spinous dorsal fin well developed, its base more than | that of the soft

dorsal
;
pelvics rather long, the rays bifid or slightly branched.

Coasts of the Antarctic Continent.

Pagetopsis macropterus.

Champsoceplialus macropterus, Bouleiig., Nat. Antarctic Exped. Nat. Hist.., ii., Fish., p. 3, pi. i.
•

Pappenheim, Deutsche Siidpolar-Exped , xiii., Zool., v. p. 174 (1912).

Depth of body 4 to 5 in the length, length of head 2f to 2f . Snout nearly | the

length of head. Diameter of eye 5 in the length of head, interorbital width 4.

Maxillary extending to below anterior \ of eye. 3 or 4 opercular spines, the upper-

most with an antrorse hook. Dorsal XII-XV, 28-31, Anal 25-27. Pectoral |,

pelvics f the length of head. Dark spots and vermiculations on head ; irregular

double cross-bars on body.

Victoria Land ; Wilhelm Land,

Here described from the types, 160 to 250 mm. in total length, from the stomach

of a seal near Cape Armitage, Ross Island,

3. Chaenichtfiys, Richards., 1844.

''Erebus" and "Terror" Fish., p. 12; Giintli., Cat. Fish., ii. p. 249 (1860).

Difiers from Champsocephalus in having a spine on the snout, the teeth in

broader bands, and in the bony plates of the lateral line. Dorsal fins separated by an

interspace. Gill-rakers short, dentigerous.

Kerguelen.

(l) Chsenichthys rhinoceratus.

Richards., t.c, p. 13, pi. vi. ; Giinth., Cat. Fish., ii. p. 249 (1860); Pappenheim, Deutsche

Siidpolar-Exped., xiii., Zool., v. p. 193.

Depth of body 6 in the length, length of head 2f. Snout nearly | the length

of head. Diameter of eye 5J to 6|^ in the length of head, interorbital width 5 to 5^.

Maxillary extending beyond middle of eye (adult). Head moderately rugose ; supra-

orbital edges slightly raised. Dorsal VU, 33-34. Anal 30-33. Second and third

rays of spinous dorsal longest, thence decreasing rapidly. 79 to 84 plates in upper

lateral line ; a few plates on middle of side. Brownish, with darker spots and

reticulations.

Description from the type, a specimen of 450 mm. and a second example of

175 mm., from Kerguelen.
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(2) Chxnichthys rugosus, sp. n.

Eye smaller than in C. rhinoceratus, diameter 8 in head. Head rougher and

supraorbital edges more elevated. Maxillary shorter, not quite reaching middle of

eye. Dorsal VIII, 30 ; third and fourth spines longest, fifth as long as first. Anal 29.

62 plates in upper lateral line ; a nearly continuous series of plates on middle of side.

A specimen of 400 mm. from Kerguelen.

A stuff'ed example with VIII, 34 dorsal and 30 anal rays, and 72 plates in the

lateral line, appears to belong to this species.

4. Parachsenichthys, Bouleng., 1902.

"Southern Cross" Pisces, p. 176.

Differs from Chsenichthys in the absence of the spinous dorsal fin.

South Georgia ; Graham Land.

Parachsenichthys georgianus.

Chxnichthys georgianus, Fischer, Jahrh. Hamburg Wiss. Anstalt, ii., 1885, p. 50, pi. i. figs. 1, 2.

? „ charcoti, Vaillant, Exped. Aniarct. Fran^aise, Poiss., p. 39, fig.

Maxillary not nearly reaching the vertical from anterior margin of eye. Inter-

orbital region narrow, its width less than J the diameter of eye. Dorsal 44.

Anal 32.

South Georgia ; Graham Land.

Total length 490 mm.

It seems probable that the imperfect fish described by Vaillant, from Graham

Land, belongs to this species. The figure of the upper surface of the head is at first

sight rather different from Fischer's, but the differences may be due to the expansion

of the jaws and opercles and the smaller size of the specimen (head 136 as against

173 mm.).

5. Chsenocephalus, gen. nov.

Body naked, elongate ; two lateral lines without distinct bony plates. Eye some-

what behind middle of head ; a small prominence at anterior end of ethmoid
;
jaws with

small sharp teeth forming rather broad bands, there being several series even at the

sides ; lower jaw not projecting
;

gill-rakers absent except for 3 or 4 very short

ones below the angle of the first arch. Spinous dorsal fin well developed, its base

about \ that of the soft dorsal, from which it is separated by an interspace
; pelvics

comparatively short, with the two outer rays the longest, enveloped in thick skin,

but bifid, the others normally branched.

South Georgia.
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Chwnocephalus aceratus. (PL XL)

Cheenichthys aceratus, Lbnnberg, Kungl. Svensk. Vet.-AJcad. Handl., xl., 1906, No. 5, p. 97.

Depth of body 5 to 6 in the length, length of head 2J to 2|. Snout a little less

than J the length of head. Diameter of eye 5 to 6 in the length of head, interorbital

width about 5. Supraorbital edges raised ; operculum with 3 radiating ridges ending

in spines, the uppermost bifid. Maxillary extending to below middle of eye or beyond.

Dorsal VII-VIII, 39-40 ; third spine longest, ^ to more than f the length of head.

Anal 37-38. Pectoral and pelvic fins subequal in length, nearly | the length of head.

Greyish, with 4 or 5 dark cross bands, the first from spinous dorsal through base of

pectoral, the second downwards from origin of soft dorsal, the others less regular and

sometimes with narrower bars developed between them.

South Georgia.

Four specimens, 480 to 530 mm. in total length, collected by Mr David Ferguson,

and presented to the Scottish Oceanographical Laboratory by Messrs Salvesen.

6. Chionodraco, Lonnbers;, 1906.

Kujifjl. Svensk. Vet.-AJcad. Handl., xl., No. 5, p. 99.

Apparently intermediate between Chsenocephalus and Cryodraco, resembling the

former in fin-structure, the latter in the three lateral lines and the well-developed

rostral spine.

Graham Land.

Chionodraco hamatus.

Chsenichthys rhinoceratus subsp. hamatus, Lbnnberg, Swedish South Polar Exped., Fish., p. 47 (1905).

Chionodraco hamatus, Lonnberg, Kungl. Svensk. Vet.-Akad. Handl., xl., 1906, No. 5, p. 99.

Head 3 in total length (with caudal). Snout nearly ^ length of head, nearly twice

diameter of eye, and If interorbital width. Dorsal VII, 37. Anal 33.

Snow Hill.

Total length 330 mm.

7. Cryodraco, Dollo, 1900.*

Bull. Acad. Roy. Belg. Sciences, p. 129.

Differs from Chsenocephalus especially in the structure of the pelvic fins, with the

rays simple, the two outer enlarged and prolonged, and in the presence of an additional

lateral line at the base of the anal fin.

Graham Land ; Wilhelm Land.

(l) Cryodraco antarcticus.

Dollo, t.c, p. 130, and Bes. Voy. " Belgica," Poiss., p. 20, pi. i. pi. v. fig. 7 (1904).

Depth of body 8 in the length, length of head 3^. Snout 2, eye 4, interorbital width

5 in the length of head. Dorsal III, 44. Anal 43. Pelvic fin more than l the length

* A fish from Wilhelm Land, 69 mm. long, is recorded by Pappenheim nnder the name Pagetodes antarcticus. The

number of fin-rays (D IV, 31 . A 31 ) scarcely justifies this determination, and the fish may well belong to an undescribed

species. But iis it is so juvenile and even its generic position uncertain, I refrain from giving it a specific name,
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of the fish, extending nearly to end of dorsal fin. Body with 7 dark transverse

bands.

71° 18' S., 88° 2' W., 450 metres.

Total length 200 mm.

(2) Gryodraco pappenheimi, sp. n.

Pagetodes * antardicus (non Dollo), Pappenheim, Deutsche Siidpolar-Exped., xiii., Zool., v. p. 175.

Leno-th of head 2|- in the length of the fish. Snout 2 in the length of head, diameter

of eye 5, interorbital width 4. Dorsal V, 45. Anal 39. Pelvics only reaching four-

teenth ray of dorsal (the prolonged rays perhaps not entire).

Wilhelra Land.

Length of the type, 168 mm. to base of caudal. This species is known to me only

from Dr Pappenheim's description and from some notes and measurements that he has

kindly sent me. Some of these may be given for comparison with those of the type

of C. antardicus. The measurements are in millimetres.

T 1.1, i T> Head to End of j , ,.. ,

Length to Base
Opercular Bony Snout. Eye. ^"^^'^'^^''^

of Caudal. i-pj^j^

Operculum.
Width.

C. antardicus ... 173 ?56 53 26-5 13-25 10-6 f

C. pappenheimi . . . 168 68 ?64 32 13 16

IV. The Systematic Position and Geographical Distribution of the

Galaxiid^ and Haplochitonid^.

The Galaxiidse and Haplochitonidse are Teleostean fishes of the order Isospondyli,

that is to say, they are malacopterous physostomes with a truly homocercal caudal fin,

with abdominal pelvic fins, and with ribs inserted on autogenous parapophyses. In

this order the name Salmonoid may be given to a group of fishes with an adipose fin

usually present, with one supramaxillary or none, with parietals well developed, and

with oviducts absent or incomplete. The relations of the Salmonoid families are

indicated in the following synopsis :

—

I. An orbitosphenoid ; an opisthotic ; a mesocoracoid ; vertebrae upturned at base

of caudal fin 1. SalmonidaB.

II. An orbitosphenoid ; no opisthotic ; no upturned vertebrae ; meso-pterygoids

toothless.

A mesocoracoid
;
parapophyses inferior .... 2. Argentinidae.

No mesocoracoid
; parapophyses lateral . . . .3. Microstomida3.

* The fish named Pagetodes by Richardson (" Erebus " and " Terror " Fish., p. 15, pi. viii. fig. 3) may have belonged
to the genus Gryodraco, but in the form of the body, the length of the pelvic fins, and the continuous dorsals it shows
more resemblance to Fagetoims. Until Richardson's species is rediscovered, the name Pagetodes cannot be used.

t DoLLo's figure of the upper surface of the head is enlarged, the length of the head, to the end of the bony
operculum, to 80 mm. and the interorbital width to 16 mm.
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III. No orbitosphenoid ; no opisthotic ; no upturned vertebrae ; mesopterygoids

toothed (absent in Salangidee).

A. A mesocoracoid ; maxillaries dentigerous, entering gape . 4. Osmeridw.

B. No mesocoracoid ; maxillaries dentigerous, entering gape.

Head compressed ; mesopterygoid well developed, dentigerous ; ribs ossified.

5. RetropinnatidsB.

Head strongly depressed ; no mesopterygoid ; ribs not ossified 6. Salaiigidae.

C. No mesocoracoid ; maxillaries toothless, behind praemaxillaries.

Prsemaxillaries not extending whole length of maxillaries ; roof of myodome

unossified ; no adipose fin . . . . . . 7. Galaxiidie.

Praemaxillaries nearly reaching extremities of maxillaries ; roof of myodome

ossified ; an adipose fin . . . . . 8. Haplochitonidse.

The Argentinidse and Microstomidse are inhabitants of rather deep water, but the

rest are littoral fishes, many of them entering fresh water and often forming colonies,

races, or species confined to fresh water.

It is of some interest to note that the Galaxiidse and Haplochitonidee are related to,

but more specialised than, the Osmeridse, or Smelt family, of northern seas, Retropinna,

from the coasts and rivers of Australia and New Zealand, is still nearer to the Galaxiidse

and Haplochitonidse ; both these families occur in Australia, Tasmania, New Zealand,

South America, and the Falkland Islands, and there are even two species of Galaxias

at the Cape of Good Hope. All the species enter fresh water, and the majority seem

to be strictly fluviatile or lacustrine, but in a few cases species of Galaxias have been

observed in the sea.

In 1906 {Proc. Zool. Soc, 1905, ii. pp. 363-384, pis. x.-xiii.) I published a

revision of the Galaxiidse, and then wrote :

—

"The occurrence of Galaxias raaculatus in the sea has been recorded by Valen-

ciennes and by Philippi, off the Falkland Islands and off the coast of Chile respectively.

The observations of Johnston in Tasmania and of Hutton and Clarke in New Zealand

are to the effect that Galaxias attenuatus descends to the sea periodically to spawn.

Mr EuPERT Vallentin has seen shoals of little fishes, which I identify with the

Galaxias gracillimus of Canestrini, in the sea at the Falkland Islands. Eecently

Galaxias hrevipinnis also has been found to be marine, G. hollansi, described by

Hutton from the Auckland Islands, proving to be identical with this species."

Waite [Suhantarctic Islands of New Zealand, p. 586) has recently shown that

Htjtton's conclusion as to the marine habit of G. hrevipinnis was probably incorrect.

Eigenmann {Rep. Princeton Exped. Patagonia, iii., Zool., 1909, p. 274) says of G.

gracillimus :
" This is undoubtedly the young of attenuatus "

; and if this opinion, which

does not appear to be the result of an examination of specimens, be accepted, the known

marine species of Galaxias would be reduced to two only.

In my revision I distinguished G. gracillimus from G. attenuatus by the more
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slender form, the smaller head, etc. My specimens, 53-55 mm. in total length, were of

the same size as the smallest examples of G. attenuatus, but, bearing in mind the extra-

ordinary larval history of Anguilla, Alhula, etc., I wrote :
" Possibly this species may

be based on a larval form of G. attenuatus, but if so it is remarkable that it has been

recorded only from South America, and that larval forms of other species have not been

described." A series of Galaxias attenuatus from the Falkland Islands, since received

from Mr Vallentin, includes specimens of 20 to 30 mm. which agree with those of 55 to

60 mm. in form, size of head, etc., and show pretty conclusively that G. gracillimus does

not represent a stage in the life-history of this species. Mr Vallentin's collection also

includes some young examples of G. smithii, hitherto known only from the type from

Sir Andrew Smith's collection ; these are yellowish, with numerous brownish irregular

vertical stripes.

The South American species of Galaxias are seven in number, viz. :

—

1. Galaxias attenuatus, Jenyns, 1 842.

S.E. Australia ; Tasmania ; New Zealand and neighbouring islands ; Chile ; Pata-

gonia ; Tierra del Fuego ; Falkland Islands.

2. Galaxias gracillimus, Canestrini, 1864.

Chile ; Falkland Islands.

3. Galaxias maculatus, Jenyns, 1842.

Chile ; Patagonia ; Tierra del Fuego ; Falkland Islands.

4. Galaxias alpinus, Jenyns, 1842.

Alpine lakes of Tierra del Fuego.

5. Galaxias bullocki, Eegan, 1908.

A?in. Mag. Nat. Hist. (8), i. p. 372.

Temuco, Chile.

6. Galaxias platei,^tQ\\idL., 1897.

Galaxias titcombi, Everm. and Kendall, Proc. U.S. Nat. Mus., xxxi., 1907, p. 92, fig.

Patagonia ; Argentina.

7. Galaxias smithii, Eegan, 1906.
Falkland Islands.

It should be noted that only the marine species occur both at the Falkland Islands

and on the continent of South America, and there can be little doubt that Haplochiton

zebra, with this distribution, will prove to be marine.

The conclusion that the Galaxiidse are originally marine and are establishing them-

selves in fresh water is strengthened by their relationship to the Osmeridse; their distribu-

tion has little bearing on the question of a former extension of the Antarctic Continent.

The expense of the publication of this Memoir is defrayed from the Government
Publication Grant administered by the Royal Society of London.
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The first four parts of this work, on the skeleton, muscles, and vascular system,

were published in the Transactions of the Society in 1905, 1907, 1909, and 1912.

The present section does not include the teeth, which, belonging properly to the

skin, will be described when the skin and its appendages are dealt with. It will be

noticed from time to time that I have to record striking differences from results

obtained by other authors. Such differences must, of course, be recorded ; but in

recording them it must not be understood, unless the contrary is expressly stated, that

the observations under discussion are necessarily inaccurate. One cannot investigate

Myxinoid anatomy without frequently coming up against somewhat astonishing varia-

tions, and 1 have long been convinced that there must be races or colonies of Myxine

which have not been distinguished specifically, but which, nevertheless, possess

anatomical features in common. To give one instance out of many. Mr R. H. Burne

has described in detail an anal slime gland in Myxine. In my sections of examples up

to 25 cm. there is no trace of this structure. On examining Mr Burne's sections I

find that the dorsal chamber of the cloaca has been converted into what anyone would

interpret as a slime gland, similar to the series at the side of the body developed in

connection with the skin. Mr Burne, therefore, is both right and wrong at the same

time, but no one with the material at his disposal could have deduced what the

supposed anal slime sac really was.

I must express my indebtedness to Professor A. Meek and his assistant, Mr B.

Storrow, for their very successful efforts to obtain living specimens of Myxine, and for

the hospitality of the excellent marine laboratory at Cullercoats. The experiments on the

bio-chemistry of the liver were carried out by my museum assistant, Mr A. H. Malpas.
TRANS. ROY. SOC. EDIN., VOL. XLIX. PART IL (NO. 3). 38
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The expenses of this research have been defrayed by a grant from the Government

Grant Committee.

A. Habits of Myxine.

The predaceous habits of Myxine have been known for a long time. Linn^us, who

classified it among the "vermes intestina," says: "Habitat in Oceano europseo, pisces

intrans, devorans, aquam in gluten vertens." Pennant, in 1766, refers to the fish on

the lines being reduced to skin and bone by Myxine.

At Cullercoats Myxine is found on a muddy bottom, not as a rule inside the

23-fathom line, and common at 25 fathoms. It also occurs on a clayey bottom from

25 to 50 fathoms, but is not so numerous. On their own ground they must be as

plentiful as earthworms. They will migrate on to an artificial muddy bottom, such

as when a quantity of dredged mud has been dropped by hoppers on to an originally

hard bottom, and in one such case they were known to have moved inshore from 6

to 3 miles.

All fishermen agree that the Hag enters the line fish by the gills and not by the

mouth, and completely cleans it out, so that when the hooked fish is hauled up it is

simply a bag of skin and bone. This was described by Fleming in 1823, and Meynell

mentions that 123 Myxine were taken out of one codfish at Redcar in 1843. At one

time Myxine were so common as to constitute a serious menace to the line fishery, but

the fishermen allege that since trawling has developed, the Hags have largely dis-

appeared, due doubtless, if correct, to the trawlers reducing the food of the Hags. It

is further asserted by the fishermen that Myxine will not touch a fish that has been

long dead, but that they only attack dying or newly dead line fish. They are readily

captured on hooks baited with the foot of the limpet and salt herring.

The Hag swims freely and easily, like an eel, by lateral undulations. It can swim

backwards, and usually escapes from a bucket tail first. Its power of secreting slime

has been greatly exaggerated, unless the extensive experience which I have now had

is greatly at fault. Goode and Bean state : "A single Hag will fill a two-gallon

bucket with slime mingled with water in a few seconds, and after a slight interval can

repeat the operation with ease." I have seen nothing in any sense approaching this

performance.

Owing to the fact that hooked Myxine are usually damaged by the hook—in some

cases the hook may be found as far back as the anus—I devised the following method

of capturing large numbers of Hags in 1903. A line about a quarter of a mile long

with, say, 35 black jack [Gadus virens) tied to it at intervals was anchored at each end

to the sea bottom in 25 fathoms of water. From the anchor at each end a line with

a fioat went to the surface, so that the position of the bottom line could be located.

The bait must not be left down too long— in three hours, for example, all the black jack

would be destroyed and the Hags gone. In this and other experiments I was able

to establish :

—
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1. That Myxine never attacked living fish on the lines, but preferred fish recently-

living to stale fish. They did, indeed, attack the latter, thus disproving the assertion

of the fishermen. I agree, however, with the fishermen that Hags never attack living

free swimming fish, and are therefore not parasites.

2. As indicated by the slime, the Hags enter the fish by the gills rather than

by the mouth. This, doubtless, to escape the teeth. When the fish were hauled up the

Hags could be seen sticking out of them in all directions, and great numbers were

lost by escape through the mouth. Only a few came out through the gills.

3. The body cavity was usually entered dorso- laterally. The liver was eaten first,

then the gut and heart, and finally the flesh between the skin and backbone was

attacked at the posterior end of the body cavity, the Hags working forwards until

the dorsal muscles were entirely devoured. The whole operation takes about two

hours.

4. In a dying or feeble fish the Hags stop the action of the gill cover by blocking

it with slime. As soon as the motion of the operculum ceases, they enter the body

through the gills.

5. It was invariably noticed that in the region of the back the Hags did not

touch the spinal nerves, which looked as if they had been roughly dissected out. This,

t believe, is not due to any preference for muscle, but simply owing to the peculiar

character and action of the dental apparatus, which would rasp away the muscle and

leave the stringy nerves.

The respiratory current in Myxine is easily demonstrated in the living animal by

placing a few grains of eosin in front of the nasal aperture. Almost immediately

water discoloured by eosin will be seen issuing from the branchial apertures. The

respiratory current is a constant and steady stream, and there is only occasionally

a sharp discharge from the gills.

Myxine can evidently distinguish light from darkness. When a number were

placed in a large tank with one dark end, all the more active and healthy fish

migrated to the dark end, and invariably returned there when brought back.

B. Nasal Aperture and Mouth.

The nasal aperture is relatively very large, as in PalsBospondylus, and is median,

dorsal and terminal. It is compressed from side to side, and is overhung above by a

prominent forwardly projecting lip-like process. On each side of the latter is a short

anteriorly projecting pointed tentacle for anterior touch, and below and in front of it,

but at the side of the nasal aperture, is another and similar tentacle on each side.

In the living animal the latter tentacle juts out almost at right angles to the long

axis of the body and somewhat downwards, and is for lateral touch.

The mouth is circular and sub-terminal. There are no obvious jaws. It is

situated on the ventral surface behind and below the nasal aperture. In both dead
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and living specimens it is contracted and puckered at the edges. At the sides of

the mouth, somewhat in front, is a long slender tentacle (the longest on the head),

which is directed in a curve downwards and either forwards or backwards. This

tentacle can be rotated forwards, and is for ventral touch. Internal and posterior to

this on each side is a smaller tentacle with a very expanded base. From the dorsal

front border of the mouth in preserved specimens two prominent diminishing ridges

pass backwards into the mouth. There is no buccal funnel as in Petromyzon.

C. The Body Cavity.

When a median ventral incision is made, and the body walls reflected, we note, first

of all, the peritoneum—a thin, glistening membrane lining the body cavity, and through

which the muscles of the body wall are plainly visible. Anteriorly in the body cavity

are seen the two lobes of the liver, one behind the other, the posterior lobe being rarely

partially subdivided into two, whilst between these two lobes on the right a portion of

the large gall-bladder projects. The very wide and perfectly straight intestine is

noticed passing back to the cloaca from over the posterior lobe of the liver. To the right

of the intestine is usually seen the single gonad {i.e. its ovarian portion), which in the

individuals predominantly female more or less affects the shape of the intestine accord-

ing to the time of year. This part of the gonad is formed in a genital duplication of

the dorsal mesentery (mesoarium) on the right side only (cp. Part II., fig. 1), and thus

corresponds to the right genital gland. In a female hermaphrodite the ovarian region

of the gonad will be found to contain a number of very large elongated oval eggs, whilst

in the male hermaphrodite it may not be seen at all without further examination.

If the posterior section of the intestine be examined carefully (fig. 5), it will be

noticed that as it approaches the cloaca it begins to fuse at the mid -ventral line with

the body wall—thus forming at the beginning of the fusion a rudimentary mid-ventral

mesentery {mes.'). The fusion of the intestine with the body wall, however, at once

extends obliquely upwards and backwards [mes."), thus completely obliterating the

body cavity below the intestine. The body cavity, hence confined to the roof of the

gut, becomes diminished as it is continued backwards, and opens finally into the cloaca

by the large, single, median porus genitalis or abdominal pore (p-g.), as elsewhere

described.

The intestine is suspended by a median dorsal mesentery (mes., cp. also Part II.,

fig. 1). As shown in fig. 5, this mesentery terminates by a curved border a short

distance in front of the abdominal pore, and thus the two dorsal halves of the body

cavity are in free communication for a short region anterior to the genital pore. This

is obviously necessary in order that the large eggs may escape with facility.

If the anterior extremity of the body cavity be now examined on the right side,

and the liver turned over to the left, it will be seen that the pericardial coelom with

its contained heart is situated over the anterior extremity of the front lobe of the liver,
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and also that the latter cavity communicates with the body cavity on this, the right,

side by a large pericardio-peritoneal foramen. This is the only one present, the

pericardium being imperforate on the left side. There are, however, two foramina in a

the Ammocoete, but none in the adult Petromi/zov . In a 34-cm. Hag the pericardio- i^^^'Cr**"
'/^^

peritoneal foramen was an elongated aperture 9 mm. long when slightly stretched, and / f^^^'^JTe

was directed obliquely forwards from right to left. Its right wall is formed by the i_ c**"^

'

serosa of the gut, and here the very large supra-intestinal or portal vein (fig. 4,^.1;.,

and cp. also Part II., fig. 1), and in some cases even the portal heart {x>Ji.), projects

boldly into the foramen. It is usually stated that the portal vein passes through the

foramen on its way to the portal heart, but the vein lies morphologically outside the

foramen, and is in fact only accidentally related to it. On the other hand, the common

portal vein {c.p.v.) is neither apparently nor really associated with the foramen. The

left wall of the latter is formed by a special duplicature of the peritoneum having a

well-defined and slightly thickened free border. This structure, doubtless, corresponds

to the Selachian pericardio-peritoneal septum. The presence of such a large pericardio-

peritoneal foramen in Myxine is possibly correlated with the existence of an important

pericardial pronephros.

A little behind the heart the intestine, which has so far been suspended by the

median dorsal mesentery, takes an upward turn, and therefore the two sheets of the

peritoneum, instead of becoming opposed to form the median mesentery, pass at once

separately on to the gut, and from the gut they immediately reach the anterior lobe of

the liver, instead of forming a median ventral hepatic ligament such as suspends the

posterior lobe of the liver to the intestine. It is from these lateral sheets of peritoneum

that the pericardium is derived. There is thus no discontinuity in the mesentery at the

anterior end of the body cavity as there is at the rectum, apart, of course, from the

pericardio-peritoneal foramen itself.

When the intestine is displaced to one side, four large vessels are seen attached to

the body wall at the mid-dorsal line. The outermost pair are the segmental or

pronephric ducts ; the innermost, the two posterior cardinal veins. It will be noticed

that of the two cardinals the right is perceptibly smaller than the left, as in Bdellostoma

and also in preserved specimens the left is the more usually blocked with blood. The
dorsal aorta is hidden from view (except anteriorly) between, and dorsal to, the two
cardinals, and is, as a rule, only exposed by dissection (but this varies). The arteries

from the aorta to the alimentary canal and gonad (cp. Part II., fig. 1) are seen emero-ing

between the two cardinals and apparently from them.

Almost at the mid-dorsal line of the whole length of the gut, and to the right of
the attachment of the dorsal mesentery, courses the very large portal vein (Part II.

fig. 1, p.v.).

The anterior region of the body cavity, with the opening from the abdominal into
the pericardial coeloin is figured by Goodrich (24, p. 44) in Myxine glutiviosa.
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D. The Respiratory Organs (Figs. 2, 6, and 12).

The coarse anatomy of the breathing apparatus of the Myxinoids has been so often

described that an acquaintance with it may be taken for granted. Further, the general

structure is sufficiently indicated in the reconstruction given as fig. 2. The peri-

branchial or pleural sacs, and the relations of the gills to them, are fully described in

my Part IV. pp. 220-222. I may, therefore, at once proceed to a more detailed

account of the anatomy of the parts.

1. Structure of the Gills.

Under the serous membrane with its long flat nuclei the outer gill wall exhibits a

loose connective-tissue layer in which muscle fibres are lodged. They are in two sparse

layers, an external circular or concentric, the axes being the gill ducts, and an internal

radial. The concentric fibres do not pass right round the gill, but each bundle of fibres

forms only a more or less short segment of the circle. The fibres histologically are

intermediate between the plasmic and aplasmic types described in my second part.

They are distinctly striated ; the nuclei are large, vesicular, and peripheral ; but there is

only a slight quantity of sarcosplasm present, most of it being collected round the

nucleus. The fibres are somewhat flattened, and average about 37 "5 m by 12 m, and

both the transverse and longitudinal striation show up with diagrammatic clearness

in material stained with iron hsematoxylin.

The fundamental ground plan of the Myxinoid gill is quite simple. There is a

tube connecting the gut with the exterior, which we may call the gill duct. At one

place the epithelial lining of this duct throws out a number of lamelliform evaginations

—about 8-10, but the number in the adult is difficult to enumerate owing to secondary

modifications—the long axes of which are radial and the short axes parallel to the long

axis of the duct. Hence at this place a considerable swelling of the duct supervenes

to form the cake- or pouch-like gill. The unmodified proximal and distal portions of

the duct remain as the afferent and efferent gill ducts respectively (figs. 2, 6, and 12,

a.g.d., e.g.d.)

It therefore results in a section at right angles to the long axis of the duct itself

that we have a star-shaped arrangement. There is a central cavity, the cavity of the

duct, and a number of compressed radial chambers opening into it. The tissue between

the walls of contiguous evaginations is highly vascular, and constitutes the respiratory

apparatus of the gill. This tissue projects inwards from the outer wall or periphery

of the gill as a number of radial plates, each one clothed by two sheets of epithelium

—

the walls of two adjacent evaginations. A gill lamella, therefore, is formed by the

contiguous walls of two epithelial evaginations plus the intervening vascular tissue.

The afferent gill artery (afhr.), on reaching the gill, forms a circle round the

efferent gill-duct (cp. fig. 6). From this circle a number of radial arteries arise like the
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spokes of a wheel. These are easily seen in an injected gill coursing quite close to the

outer or more convex surface of the gill from the centre to the edge. The radial arteries

in their turn give off a number of vessels at right angles which travel in the core of

the gill lamella between the epithelial sheets above mentioned, and join up to form, on

the inner or less convex (sometimes concave) surface of the gill, another series of radial

or spoke-like arteries, which all open into a further circular vessel round the afferent

gill duct. From the latter circle the two efferent branchial arteries {ef.br.) arise, and

behave as described and figured in my Part IV.

The actual structure of the gill, however, is not as simple as this. The radial epithelial

evaginations, for example, often dichotomise at least twice, and sometimes five times

—

twice in the lateral regions of the gill {i.e. near the afferent and efferent surfaces), and

five times in the central region. This produces at the circular margin of the gill a

large number of diverticula instead of a few. Then the radial vessels connected with

the rings round the afferent and efferent gill ducts anastomose and branch. Again, the

respiratory surface of the gill lamellae does not remain simple and smooth. A number

of ridges or pleats are thrown out which themselves dichotomise several times along

their long axes so as to produce in transverse section a dendritic appearance—not,

however, over the whole of the gill lamella, for, axially and especially laterally, i.e. nearer

the greater gill surfaces, the gill lamella remains smooth. The same result would, of

course, be produced by a series of ingroivths of the epithelial covering of the lamella,

and this is perhaps how the dendritic structure seen in transverse section has arisen.

The ridges or pleats stretch straight across the gill lamella from one surface of the

gill to the other, at right angles to the greater surfaces of the gill. Hence, they are cut

longitudinally in transverse and horizontal sections of the gill, and transversely in

vertical sections. Hence also the dendritic structure is only obvious in vertical sections.

A vertical section of a well-injected Myxinoid gill is a beautiful but deceptive object.

One sees what appears to be a number of radial vessels converging inwards from the

periphery to the centre of the gill. Proximally these vessels are simple in structure,

but as they approach the centre of the gill they become highly dendritic. Lateral

branches are given off which bifurcate a number of times. There is apparently no

question of arteries and veins. Each branch lodges only one vessel, and therefore seems

to be a vascular cul-de-sac.

A closer examination and comparison with sections in other planes reveals the

explanation. Proximally each lamella exhibits in vertical section a linear series of

vessels cut in transverse section. These are often connected up by vertical anastomoses,

and this conveys, in vertical section, the wholly false impression of a radial vessel. The

dendritic structure is again equally misleading. Here also, so far from having vascular

culs-de-sac, we have in reality a large number of transverse sections of very small vessels

coursing at right angles to the plane of the section from one large surface of the gill to

the other, and connected up at right angles by innumerable branching anastomoses. In

a transverse section these anastomoses show very well as extensive aggregations of
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massed dots in the more central portions of the gill. We have, in fact, a dejfinite

capillary system in the gills, although a somewhat coarse one. Near the circular margin

of the gill a few respiratory vessels may pass straight across from the afferent to the

efferent radial vessel without modification, as shown in fig. 6. The type of gill circula-

tion described above, carried much further, gives us the example of circulation found in

the gills of the lamprey as described by Favaro.*

The branches of the afferent radial vessel do not usually pass straight across the gill

to become the factors of the efferent radial. Sometimes they do, and one can then

trace across the gill lamella a single vessel coursing from the afferent to the efferent

vascular side of the gill, and giving off anastomoses (about 50) as it goes along. But

more frequently the direct continuity is broken, and the branches of the afferent radial

interdigitate with the factors of the efferent vessel, as shown in fig. 6.

In section it is easy to distinguish within the gill the branches of the afferent

branchial artery from the factors of the efferent branchial. The walls of both include a

few unstriated muscle fibres with long flat nuclei, but the lining of the afferent vessels is

very characteristic. Here we find, projecting into the cavity of the radial vessels and

their branches, large cells of varying shape separated from each other by distinct

intervals. They may project 12 m into the cavity of the artery, and are separated

by spaces of about 2"5 m, but sometimes by much wider gaps. At their base they

are about 10 m across. Each cell contains a large vesicular nucleus—sometimes two

—and the cytoplasm lodges a number of yellow brown particles not coloured by all

dyes, but staining black with iron hsematoxylin.

These cells evidently constitute a blood " gland" of some kind. Giglio-Tos regards

the lymphoid tissue of the valvula spiralis of the Ammocoete as the source of both red

and white corpuscles of the blood ; but this view is attacked by AscoLi, who regards the

circulating blood of the Ammocoete as the formative sphere of the red corpuscles, as in

the embyro, and finds, as K. B. Shreiner has also done in Myxifie, the new corpuscles

dividing in the blood. Maas admits his inability to trace the source of the red

corpuscles of Myxine, and was not able to observe any early stages in the blood. He

states, however, that the body of these corpuscles, stained with iron ha^matoxylin,

exhibits numerous dark small accretions. I hope to be able to show in my next part

that the lining cells of the afferent vessels of the gills described above are the source of

the red corpuscles of the blood.

Besides the afferent and efferent arteries the connective tissue of the gill lodges a

large number of irregular spaces, or lymphatics, having an inconspicuous but definite

lining with flat nuclei. Usually these spaces contain only a few blood corpuscles, but

they may contain many. They partially fill up in injected material. They are found

not only in the wall of the gill, but extend also into the coarser portions of the gill

laraellaj. On the side of the efl'erent gill duct the lymphatics communicate with the

peribranchial sinus (cp. Part IV, p. 221) by a large but short channel, which enters the

* Atli Accad. tici. vend, treat, istr., 1905.
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gill in company with the afferent branchial artery. Similarly, both the efferent branchial

arteries of a gill are associated with lymph channels placing the lymphatic spaces on that

side of the gill in communication with the dorsal sinus system (cp. Part IV. pp. 220-1 ),

but the lymphatics are not so well developed on this side of the gill.

The large mucous cells, which are so characteristic of the Myxinoid gill gut do not

occur within the gills themselves. In one case, however, 1 found numerous mucous

cells of the glassy type in the thicker epithelium on the efferent gill-duct side of

the gill.

The whole of the complex cavity of the gill is lined by epithelium, which is better

developed near the two great surfaces of the gill, where the gill lamellae are simple in

structure, and which, further, is stronger on the afferent arterial side than the efferent.

There is roughly an extra rank of nuclei on the afferent side, and in some specimens

the disproportion is greater than this. The free surface in places is bounded by

flattened squamous cells, and under these there may be up to four irregular ranks of

nuclei, some of which here and there are observed to be undergoing mitosis. The cell

boundaries can be easily distinguished under the higher powers of the microscope, the

epithelium then having in vertical section the appearance of a mosaic.

In the complex or more respiratory portions of the gill lamella the blood is only

separated from the water by what appears to be, in longitudinal sections of the vessel,

a single row of shallow cells about 2 /a thick, and having flattened nuclei up to 10m
long, separated by intervals of 20 m- In transverse sections of the vessels these

nuclei are seen to follow the curves of the vessel, and are hence markedly crescentic.

They measure about 10 m this way also, and are therefore circular concavo-convex

discs. Under the highest powers of the microscope, however, this boundary separating

water from blood appears as a very thin, almost structureless, membrane having definite

outer and inner borders, the nuclei above described being situated on the vascular side,

and internal to the inner border. The above statements apply only to that part of

the vessel which projects or bulges into the cavity of the gill, i.e. that portion of it in

direct contact with water. Elsewhere the nuclei are of a different character, and are

embedded in the wall of the vessel.

Although appearances very often suggest it, I have not satisfied myself of the

existence of intra-cellular capillaries in the Myxinoid gill.

The efferent gill duct is lined internally by a layer of mucosa thrown into about

twelve conspicuous folds. Underneath this is a somewhat extensive vascular zone of

fibrous connective tissue forming the submucosa. This in its turn is surrounded by
the irregular but well-developed muscular coat of striated fibres, of which the external

fibres are mostly circular and the internal ones longitudinal. External to the muscular

coat we have no definite boundary, but some very loose fatty connective tissue. The
lining epithelium is very similar to that of the gill itself : there are about three ranks

of nuclei
; cell boundaries are easily distinguishable in methyl-blue-eosin preparations

—

the superficial row of cells being flattened, the cytoplasm vacuolated, with a definite
TRANS. ROY. SOC. EDIN., VOL. XLIX. PART II. (NO. 3). 39



302 PROFESSOR FRANK J. COLE

free border. Occasional mitoses are seen, but there are no gland or mucous cells. A

few of the glassy mucous cells were, however, seen in the afferent gill duct, and Schreiner

says that there are "by far not as many slime cells in the afferent gill ducts as in the

mouth." The muscle fibres are, on the whole, similar to those of the gills, except that

they are coarser, and the striation is not so distinct.

The external branchial apertures are conspicuous openings situated far back near

the middle line on the ventral surface, just in front of the anterior extremity of the

pre-anal " fin," and a little behind the anterior third of the body. They are always

asymmetrical as regards size, but not invariably so as regards position. The right is

always the smaller of the two (and naturally so, as the ductus oesophago-cutaneus only

occurs on the left side), and it is situated a little in front of the left ; externally the left

opening is sometimes partially, but rarely completely, divided into two—in the latter

case the ductus oesophago-cutaneus having a separate external aperture. In 1815 Sir

EvERARD Home published a figure by William Clift in which three such openings are

indicated. J. Muller, however, states that he has never seen this, but Maas finds in

his youngest specimens the branchial cloaca and the ductus oesophago-cutaneus entirely

separate, so that only their openings on to the outer skin come together, like a pair of

spectacles. He supposes therefore that the common duct is only formed with age, bur

adds that the ductus never opens medially, but always on the left. There is no doubt

in fact that the ductus is a potential left gill. When the ductus opens separately the

two apertures are not side by side, as in Clift's figure, but antero-posterior, the smaller

anterior one being the orifice of the branchial cloaca of its side, and the larger posterior

one that of the ductus. Internally, of course, the two structures are always distinct.

The structure of the gill of Bdellostoma has been described by Jackson (30). He

has evidently, however, directed but little attention to this section of his work, and his

scheme of the circulation, representing, as it does, one side of the gill as arterial and the

other as venous, is manifestly unsound even on a priori grounds. He has failed here to

recognise the fundamental fact of the interdigitation of the afferent and efferent vessels

—a condition absolutely essential if the gill is to be a respiratory organ at all. Again,

his fig. VIII. is a misinterpretation of the apparent dendritic structure of the gill

lamella as seen in vertical section. As I have pointed out above, it is fatally easy to

commit this error, especially if one does not realise how impossible vascular culs-de-suc

must be in the Chordate gill.

The development of the Myxinoid gill follows the course we should deduce from a

knowledge of its anatomy. In Bdellostoma, according to Stockard (52), the gill is

originally tubular, only the oesophago-cutaneus duct remaining in the tubular stage

throughout life. The gill tubes are entirely endodermal. At the point where the future

gill pouch is to develop the lumen of the tube becomes enlarged, and then, by a folding

of the walls, the characteristic radiate gill is produced as outlined in the anatomical

description above.
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2. Variations in the Number and Vascular Supply of the Gills.

Amongst the many dissections of the gills which I have made, the following departures

from the normal number of six on each side were encountered :

—

(a) Seven gills on the left side.—The additional one was apparently the last, since it

was supplied by a twig from the last afferent branchial artery. Normal on the right side.

In this specimen the ventral aorta was continued forwards as an impaired artery on to

the club muscle.

(b) Seven gills on both sides.—On the left side all the gills were of much the same

size, except that the middle ones were slightly the larger, and there were five afferent

branchial arteries. The first and last afferent branchials split quite near their origin, to

supply two gills each. On the right side the gills alternated with those of the left, the

first being situated between the first and second of the left side, and so on backwards.

The size of the gills was the same as on the other side, except that the last was very

small, and only about one-third the dimensions of the sixth. There were six afferent

branchials on this side, one to each gill, but the last small gill was supplied by a twig

from the sixth, given off near the place where it entered the sixth gill.

(c) Seven gills on the left side.—First gill more anterior and rather more dorsal

than usual, and situated laterally and dorsally to the posterior end of the club muscle,

not reaching as far back as the latter point. Usually about half the first gill overlaps

the club muscle, but the forward position above described may occur without any

variation in the gills. Last or seventh gill much the smallest, and apparently the extra

gill, as it is supplied by a branch of the last or sixth afferent branchial. Ductus oesophago-

cutaneus present. Gills normal on the right side.

(d) Seven gills on the left side.—Similar case in every respect to (c), except

that the afferent branchial for the seventh gill arose from the aorta side by side

with the sixth, and was not merely a branch of the latter. The extra gill is again

the smallest, but the disparity is not so great as in preceding case. Gills normal on

the right side.

(e) Seven gills on both sides.—^On the left the first is in a much more dorsal posi-

tion than the others, and lies at the side of the club-shaped muscle, which latter projected

slightly behind the posterior border of the gill. First afferent branchial split to supply

the first two gills. Apart from the usual decrease in size from before backwards, the

seventh gill was quite normal, and had its own afferent branchial—well separated from the

artery supplying the sixth gill. On the right side the first gill does not differ in position

from the others, but the whole seven form a graduated series of which the last is the

smallest, but not remarkably small. Each of the seven gills was supplied by an afferent

branchial artery arising separately from the aorta.

(/) Seven gills on the left side.—First rather more dorsal than the others, and lies

at the side of the club muscle, which projects slightly behind it. First afferent

branchial splits into two to supply the first two gills. Last gill distinctly smaller than
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the others, and more ventral. It has its own afferent artery quite distinct from the

one in front. Gills normal on the right side.

(g) Gills normal on both sides, but only five afi'erent branchials arose from the

aorta. The last, however, on each side split almost immediately to supply the last

two gills.

(h) Seven gills on the left side.—Other conditions exactly as in (c).

{i) Seven gills on the left side.—Other conditions as in (c).

It thus appears that the usual variation is the presence of an extra gill on the left

side, the ductus oesophago-cutaneus being still present and opening independently.

n fe
'^^^^ ^^^^ described by Howes is one such, but the one mentioned by Bateson had seven

J"*^ j^ ^^^ pairs of gills and a ductus. Howes considers that the extra left pouch is the ductus

^ ' oesophago-cutaneus converted into a gill, so that the new feature in the varying animal

Jl is the ductus. This, of course, is quite possible, although it does not explain the additional

Ir^ gill on the right side, where no ductus has ever been found. We have therefore in

Myxine the potential existence of a pair of gills behind the sixth + the ductus,

which may conceivably represent an eighth pair.

E. The Mucous Surfaces.

These are described from behind forwards, and as if the gut were split up along

the longitudinal plane.

The abdominal intestine is a typical mid-gut, and is a straight and perfectly

uniform tube in which regions cannot be distinguished either macro- or microscopically.

It has a maximum width of 11 mm. in a 24-cm. Hag, and is moored to the roof of the

abdominal cavity by a median dorsal mesentery (cp. Part II., fig. l). Over the gut

dorsally, and slightly to the right, are the gonad and the portal vein, and also the

so-called sympathetic nerve. The latter is the most median of the three ; then comes

the vein, and finally the gonad, which lies at first over and then laterally to the

vein, as shown in the above figure. The walls of the vein are very thin, and the

vessel is seen rather by its contents than by its walls. At more or less regular

intervals the arterial supply is seen to pass on to the gut via the mesentery.

The mesentery is easily detachable from the mid-gut in preserved animals, and

the gut itself, where its form is not distorted by the development of the ovarian

portion of the gonad, and in front by the liver, is smooth, and almost spherical in

transverse section. Its outer wall exhibits an elaborate pattern due to the ramification

of the very extensive vascular supply of its curious lymphoid coat. This pattern

characterises practico,lly the whole length of the abdominal gut, but it is somewhat

simplified for about 6 mm. in front of the anus—in other words, the lymphoid tissue

is wanting in the region of the hind-gut, and it simplifies again gradually in the

neighbourhood of the posterior lobe of the liver, and may be lost altogether about

10 mm. behind the opening of the bile duct.
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If an incision be now made along the line of the portal vein, and the gut pinned

out so as to expose the mucosa, it will be seen that the latter is only very slightly

attached to the submucous coat in preserved material (cp. Part II., fig. 1), with

the result that it very readily comes away. It is thrown into about ten prominent

longitudinal zigzag folds. Most of these folds are continued directly into those of

the cloaca, but dorsally, above the anus, the cloacal folds are independent structures,

and also ventrally there are smaller secondary folds developed between the larger

intestinal continuations. Very few of the folds of the mid-gut, in some specimens

none at all, pass straight from one extremity of the gut to the other. They may

bifurcate and join up again, so as to form an elongated loop, or they may bifurcate

without rejoining, which latter happens more commonly anteriorly than posteriorly.

Branches may be given off which themselves bifurcate, and this often occurs in

the region of the liver, so as to produce there a more complex pattern.

Opposite the posterior extremity of the posterior lobe of the liver the gut begins

to change its calibre,* and the folds to flatten and die away, so that for a short

distance behind the opening of the bile duct the mucosa is thinner, and almost, but

never quite, smooth. However opposite, or even slightly behind, the biliary aperture

the folds rapidly increase in size and projection, and a short distance in front of the

opening they again project considerably into the lumen of the gut. The aperture

of the bile duct is situated directly in the course, and breaks the continuity, of one

of the ventral folds.

The zigzagging of the folds of the intestine is often emphasised by very short

transverse folds, which project from the apex of one bend, and fit into, but never

join, the depression of a bend in the contiguous fold. The zigzags of neighbouring

folds therefore alternate. The pattern of the mucosa is, however, best seen by

removing it entire, which is only too easily done in the preserved gut, and examining

its submucous surface. We then notice that the same pattern is exhibited, only,

of course, in the form of a cast, in the submucosa itself, and here the short transverse

folds are indicated in a very striking manner.

According to Maas (39), the section of the gut anterior to the abdominal intestine

may be separated into two regions—an anterior region, or true oesophagus, extending

from the ductus oesophago-cutaneus to the point of entrance of the gut into the body

cavity, and a posterior indiff"erent region, or "'stomach," the hinder boundary of which is

the opening of the bile duct. The former region has about six folds, and its lining

epithelium is stated by Maas to be of a character transitional between the many-layered

"ecto-" and the single-layered " endo-dermis," whilst the lining of the "stomach"

is truly endodermal, although its sub-mucosa is not that of typical mid-gut.t

The gut, which has narrowed down considerably by the time the opening of the

bile duct is reached, is narrowest of all just in front of this opening, and it is here

closely invested by the cardiac portion of the M. constrictor branchiarum et cardise.

* In most specimens it widens considerably here (cp. p. 311). t But cp. p. 312.
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There can be no doubt that the folds of this portion of the gut are directly continuous

with those of the abdominal intestine (and doubtless, therefore, have developed from the

same embryonic layer), which have never entirely disappeared in the flat region behind

the bile duct. This section, however, is only continued as far anteriorly as the opening

of the ductus oesophago-cutaneus, from which point forwards the character of the

mucosa quite changes, and, judging from anatomical evidence only, might have developed

from a different embryonic layer. Two at least of the folds are continued forwards

directly on to the posterior lining of the ductus oesophago-cutaneus, where they are pro-

longed outwards to its external opening. The other folds of the ductus are some of

them intrinsic, and some are continuous with folds belonging to the next anterior

region of the gut. The ductus does not open directly into the gut, but rather into a

small pocket-like evagination of the latter, which itself then opens into the gut at

right angles to the ductus.

In front of the ductus oesophago-cutaneus is the branchial gut of Maas. Its

posterior boundary is the ductus, and its lining epithelium is quite "epidermal" in

character, which is somewhat surprising, seeing that it cannot be stomodseal in origin,

even if it represents morphologically a greatly elongated pharynx. Its mucosa exhibits

more numerous, closely-set, and shallow^er folds, some of which are continuous, or fuse,

with those of the afferent gill ducts. A disturbing factor here appears to be the

apertures of the latter ducts, and the mucosa of the branchial gut becomes increasingly

irregular from before backwards. This, however, cannot be entirely due to the exit

of the gill ducts, since between the first two the mucosa presents almost tlie same

appearance as it does in front. But behind this point the pattern is complicated by

the folds here and there gradually approximating, joining, or being connected up by

numerous short, shallow, transverse ridges. The result is that there is a suggestion

of a honeycomb mucosa at this region of the gut. Here also the wall of the gut is very

thin, and the mucosa not detachable as in the abdominal intestine.

In front of the gill region, which must, from its development, be regarded as

secondary hrancliial gut, the mucosa presents a very regular appearance, and there are

about fifteen moderately prominent and perfectly straight longitudinal folds. These

folds, however, do not always pass continuously from one end of this section of the gut

to the other, but here and there die down, and are replaced by others. Opposite the

posterior free extremity of the pharyngeal velum the folds tend to anastomose so as to

form a simple honeycomb pattern, and they here terminate—none of them being

prolonged into the mouth.

The velum, or pharyngeal valve, according to Huxley, marks off the posterior

boundary of the mouth. It may be described as an extensive fiat dorsal duplication of the

mucosa, situated just behind the dental apparatus, when the latter has been withdrawn,

and attached to the mucosa of the roof of the mouth by its mid-dorsal surface i)i much

the same way as the gut is suspended by the mesentery. Now, this suspensory fold

is prolonged backwards behind the region of the velum, and passes insensibly without
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any break into the median dorsal fold of the oesophageal mucosa. The velum may thus

be, and actually is, in one sense, merely the differentiated anterior extremity of the

median dorsal fold of the oesophagus which has developed an elaborate skeletal support.

On the other hand, the velum may represent the original roof of the gut cut off by

lateral evaginations (cp. fig. 11). This agrees rather with the anatomical facts, and

with what we know of the development of this structure.

The lateral edges of the velum are curled over sharply dorsally, and its posterior

edge, when spread out, exhibits a short, blunt, median projection stiffened by the posterior

transverse velar bar with its irregular posterior processes, and also on each side a

pointed projection, the inner edge of which is supported by the termination of the

internal lateral velar bar, and the outer or turned-over edge is strengthened by the

external lateral velar bar. The ventral or flattened portion of the velum is sustained

by the internal lateral velar bars and their anastomoses, whilst the dorsal doubled-over

portions are stiffened at their edges by the external lateral velar bars. The median

suspensory portion of the velum, which is more definitel}^ developed behind than in

front, is supported by the supra-pharyngeal skeleton associated with the anterior

transverse velar bar (cp. Parts I., II., and III.).

The mucosa covering the velum is smooth.

If the roof of the mouth be examined, we find the mucosa thrown into coarse folds

—probably due at least partly to contraction, since with preservatives such as Perenyi's

fluid they are less obvious. Laterally in front are the conical third and the obtuse

fourth tentacles. Just behind the latter in the mid-dorsal line will be found a pit, and

rising from the bottom of this pit is an elevation of the mucosa, from the apex of which

emerges the strongly curved, slender, median dorsal tooth. Immediately behind the

level of the posterior margin of the dental apparatus (in the retracted condition) is a

large deep recess, the ventral wall of which is formed by the mucosa of the roof of the

mouth, which apparently terminates here in a somewhat irregular border, as figured by

W. K. Parker (PI. XIII., fig. 7), and the dorsal wall of which is formed by the base

of the velum. This is the recess into which the naso-pharyngeal canal opens, and the

latter aperture is seen if the free border above is drawn forwards. It is an elongated

oval opening, wider in front than behind, and with an indefinite posterior border,

owing to its being prolonged on to the base of the velum as a furrow, on which it is

continued almost as far backwards as the anterior transverse velar bar. The mucosa,

in fact, is doubled to form the border mentioned above, then becomes continuous with

the mucous lining of the naso-pharyngeal canal at the posterior opening of the latter,

is next continued on to the velum, and finally passes into the mucosa of the roof of the

mouth and oesophagus behind the velum. On each side of the base of the velum

dorsally and laterally is a deep, forwardly projecting pit with an almost smooth lining.

Into the blind end of this pit a fold of mucosa projects in front. Sections, however,

show this to be due to the root of the external lateral velar bar. The pit probably

disappears when the dental apparatus is everted, and perhaps, therefore, only exists
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when the latter is withdrawn. It is mentioned by J. MtJLLER. I do not find any

special histological feature associated with it.

The lining of the naso-pharyngeal canal behind the nose is quite smooth and

without valves. When the canal is split up and the nose examined from below, it is

found that the median olfactory lamina is deeper and thicker, and has a more

pronounced free margin than the others, and thus, in a sense, separates the apparently

single nasal organ into two. The posterior portion of the third lamina from the middle

on each side appears to have a somewhat valvular character, and would tend to direct

water upwards among the laminae in general. The lining of the nasal tube in front

of the nose is almost smooth, and has no definite folds ; but there is a well-defined

transverse fold and a slight median dorsal longitudinal fold just in front of the nose

itself, whilst dorsally and medially, just inside the external nasal opening, there is a

blunt projection supported by a small independent cartilage (fig. 1, present part; and

figs. 1, Parts I. and III.).

From the Jloor of the mouth there projects into its cavity the dental apparatus,

consisting of two halves separated by a furrow or gutter. The mucosa is reflected over

the bases of both rows of teeth, but more particularly over that of the outer row, whilst

the two rows of each side are separated by another and very distinct fold of mucosa,

the tips of the outer teeth being almost on a level with, or projecting slightly beyond,

it. The dental apparatus is obviously a derivative of the mucosa of the floor of the

mouth, and cannot move independently of it. Therefore, to admit of any movement

at all, the mucosa in front of and behind it must be loose and ample. When the

apparatus is withdrawn there is an obvious transverse folding or puckering of the

posterior mucosa (which was previously on the stretch), whilst the mucosa in front is

quite taut. Behind this give-and-take region the mucosa of the floor of the mouth is

thin and almost smooth. Again, the margin of the mouth is always puckered when

the dental apparatus has been withdrawn, but when it is everted there is a pleated area

ventrally outside the mouth, which is not fully shown in any figure I have seen. In

the retracted condition there is a raised zone of mucosa extending straight forwards over

and in front of the protractor tendon, and which in places is very sharply folded—in

fact, so much so that one often has to separate the lips of the depressions with a needle

before they are noticed. These occur nowhere else in the mouth. They seem to me

to be due to the fact that when the pre-dental mucosa is drawn into the mouth it is

compelled to occupy a much narrower space laterally than it does when outside

the mouth.

The mucosa of the floor of the mouth is practically smooth.

F. Histology of tru Gut.

The histology of the alimentary tract of Myxine has already been described and

figured by K. E. Schreiner, and especially by Maas. The latter has investigated the
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structure by the new methods of solution and digestion, using caustic alkali and

pancreatic extract. I shall therefore confine myself to a general statement of the

anatomy of the gut, supplemented by such new details as are necessary to amplify and

elucidate the work already accomplished.

The gut of Myxine passes straight from mouth to anus. There are no obvious

divisions into stomach, duodenum, and intestine. It is characterised by one very

striking and unique feature. The mucous epithelium from the mouth to the entry of

the gut into the abdominal cavity—that is, rather more than a third of its entire length

—exhibits the peculiar and characteristic structure of the epidermis. The obvious

explanation of this is that the whole of the lining of the anterior part of the gut is

stomodseal in origin, but this we know to be not the case. The only other possible

explanation, therefore—which is in fact no explanation at all—is that we have here a

remarkable example of what is known as convergence. There can be no doubt that

this anterior third of the gut represents an enormously elongated pharynx. It is

pharyngeal in position in the embryo, but the interpolation of the club muscle during

development detaches the gill-bearing region of the gut from the mouth, and results in

the curiously posterior position of the gills in the adult.

There are two types of gut structure in Myxine. These we may call the pharyngeal

gut and the abdominal gut. The former stretches from the mouth to the entrance of

the gut into the abdominal cavity, and the latter continues the gut to the cloaca.

As an example of the 'pharyngeal gut or " (esophagus " we may take what Maas

calls the branchial gut. The mucous epithelium, which is many-layered, has just the

character of the outer skin, and possesses in abundance both the clear glassy and the

granular slime cells characteristic of the epidermis. Maas distinguishes a stratum

corneum and a stratum Malpighi, but, unless these terms are to acquire a new meaning,

I do not see how they can be applied in this case. He also describes a muscularis

mucosae which goes far into the folds ; but I find no trace whatever of this, nor,

apparently, does Schreiner. The submucosa is dense and fibrous, and with many
lacunar blood spaces. According to Maas, however, it consists of loose, very uniform,

reticular cells with no lacunae. Externally there is an obvious circular musculature of

unstriated fibres. These fibres course among the dense connective tissue of the sub-

mucosa in its peripheral region. There are only a few isolated fibres, but they are easily

seen, and they course right round the gut, taking no account of the folds of the mucosa.

According to Schreiner, the mucosa has a basal membrane and exhibits no trans-

verse folds in the " oesophagus," but these are certainly present in the branchial region.

The superficial cells of the mucous epithelium give the slime reaction, and have a thin

homogeneous cuticle. He finds a coiled thread in the granular slime cells, exactly as in

the corresponding cells in the epidermis. I am unable to confirm this, in which I agree

with Haack. There are numerous mitoses in the mucosa.
,

In the abdominal gut, it is stated by Maas that the folds of the mucosa have less

projection, although this is not so in my preparations. He finds the ventral folds are
TRANS. ROY. SOC. EDIN., VOL. XLIX. PART IL (NO. 3). 40
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the better developed, but I agree with Schreiner that the dorsal folds are usually the

stronger. Ma as holds that the folds of the abdominal gut are not to be horaologised

either anatomically or physiologically with those of the pharyngeal gut, basing the

distinction on the behaviour of the muscularis mucosae, which I do not find anywhere in

the gut, and on the assumption that the stratum compactum is confined to the abdominal

gut, with which I do not agree. His assertion, therefore, that in the one case the folds

of the mucosa do not affect the underlying tissues, but do in the other, is one which may

well be questioned. In 8-9 cm. Hags he finds the abdominal folds only faintly defined.

The mucous epithelium of the abdominal gut is entirely different from that of

the pharyngeal gut. It is single-layered, and there are no traces of the glassy and

granular mucous cells. There are, however, numerous highly granular unicellular

gland cells, which are highly eosinophilous. The free border of the epithelium is

striated ; and nearer the lumen end of the cells, i.e. outside the nuclear zone, there are

many diffuse mitoses. The mucosa is pitted, and is very easily detached from the

submucosa owing to the extensive lymph sinus between the two layers. Both Maas

and Schreiner describe a slender basement membrane which I have not found. It is

possible they may be referring to a membrane between the mucosa and the stratum

compactum, and which appears to me to belong to the latter layer.

There is no muscularis mucosae, but in its place Maas describes what he calls the

peculiar and characteristic stratum compactum, which is highly vascular, and dispatches

supporting processes into the adjacent lymphoid tissue. Maas has devoted consider-

able attention to this tissue, without, however, noticing that it is strictly comparable to

the submucosa of the pharyngeal gut. His digestion experiments establish that it is

not one of the elastic connective tissues, and he holds that the connective-tissue frame-

work of the abdominal gut is more specialised than that of the pharyngeal gut, since

the embryonic formative cells have more and more receded in favour of the cell product.

The obvious and important blood sinus which is seen in the stratum compactum

immediately under the mucosa is usually flushed with blood, and has a definite lining

with longish flattened nuclei. Maas w^as unable to find this lining.

External to the stratum compactum is the lymphoid portion of the submucosa, and

then follow the weak circular unstriated musculature (no longitudinal musculature) and

the serosa with its attached connective tissue.

The lymphoid submucosa is very vascular, and is continued into the folds of the

mucosa. Its characteristic feature is the presence of packets of lymph cells associated

with the factors of the portal vein, but not with the arteries. Such lymphoid tissue

in the wall of the gut occurs in a very few forms {e.g., Protopterus) , and Maas regards

it as a diffuse spleen, holding that the compact spleen of the higher forms has been

produced first by the concentration of such a tissue, and then by its emergence from,

the wall of the gut. Maas, who overlooked the essentially adipose nature of the

lymphoid zone, observed by Schreiner shortly before, states that the lymphoid heaps

only occur in the more peripheral regions, and then specially round the smaller veins.
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On the other hand, I find them in all parts of the layer, and round veins of all sizes.

They form a kind of pulp compared by Maas with the splenic tissue of higher

vertebrates. He states that the lymphoid cells resemble the free colourless corpuscles

of the blood, to which they undoubtedly give rise : not, however, to the red corpuscles,

which always lie free in the vessels and lacunae, and the early stages of which are

never found in the connective-tissue framework of the gut. On the other hand, the

early stages of the leucocytes occur in the framework, and the lymphoid tissue of the

gut represents their principal source, the associated veins always containing an excess

of leucocytes. It is, however, difficult to believe that the lymphoid tissue performs

this function only. It is so extensive a structure that some further explanation of its

presence must be sought.

SoHREiNER describes mitoses both in the epithelial and glandular cells of the

abdominal mucosa. Gland cells are never formed from epithelial cells, but are always

derived from pre-existing gland cells. The nucleus migrates towards the lumen before

it divides, and this explains why the mitoses are always found outside the nuclear zone.

ScHREiNER finds the lumen end of the cell rich in fat droplets, which diminish when

the animal has been kept in an aquarium some days without food. This part of the

cell gives the slime reaction with appropriate stains. I agree with Schreiner that the

thick free edging is in two parts—a proximal, binding the cells together ; and a striated

distal, of elements corresponding to the individual cells.

Both Maas and Schreiner state that the abdominal gut is uniform in structure

from one end to the other. I have carefully explored the entire length of this section

of the gut, and agree to the above statement with, however, this proviso : I have

generally found that, either immediately or shortly following the bile duct, the lumen

of the abdominal gut undergoes expansion— largely owing to the fact that the mucosa

is at this point without folds and almost smooth. The entire wall of the gut, in fact,

is here very thin. On the other hand, the above features are not associated with any

histological peculiarity. Nevertheless, this region must have some significance.

Further, at the hind end of the abdominal gut, the mucosa is thrown into numerous

secondary folds, in which the suhmucosa takes no part.

Such are the characters of the two types of gut structure found in Myxine. We may
now consider the various stretches of the gut in more detail.

Maas distinguishes the following regions in the gut of Myxine, apart from the

mouth :

—

1. Branchial gut—up to the opening of the ductus cesophago-cutaneus 30

2. True oesophagus—up to the entrance of the gut into the body cavity 3 '5

3. Stomach— up to the opening of the bile duct . . . .
2*5

4. Mid-gut or abdominal gut 60-5

5. Hind-gut 3*5

100
* These figures are not Maas', but are calculated from data given by him.
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It will be noticed that Ma as does not regard what I have termed the pharyngeal

gut as the cBSophagus, and in this I entirely agree with him. There is something to be

said in favour of considering that portion of the gut extending from the ductus

oesophago-cutaneus up to the entry of the gut into the abdominal cavity as the true

morphological oesophagus. Maas' description of the region, however, does not always

agree with what I have found. He describes regular folds, the interior of which is

filled with adenoid lacunar connective tissue. I find the folds anteriorly are twice as

high as those of the branchial gut, and higher still behind. Their submucosa is very

dense and fibrous, and not difi"erent from that of the branchial gut. As regards the

epithelium, he says it is layered, but with not so many layers as in the branchial gut

;

is in two divisions corresponding to the stratum corneum and stratum Malpighi (the

nuclei being difi'erent in these two layers) ; and that there is a striking diminution in

the slime cells. In my preparations there are more layers in the epithelium of the

"true oesophagus" than in the branchial gut, and Maas' statement only applies to the

posterior end. I cannot distinguish the two layers, nor in fact any essential difference

between the epithelium of the oesophagus and the branchial gut, in both of which the

glassy and granular mucous cells are very abundant. Posteriorly, however, the

granular cells are greatly reduced in number, although the glassy cells are still present

in quantity. The superficial cells here give the mucin reaction, and the epithelium is

more like that figured by Maas. I find no trace of the muscularis mucosae described

by Maas, but the unstriped circular musculature is very well marked. Maas' striped

musculature is, of course, the constrictor cardia3, and does not belong to the intrinsic

musculature of the gut.

I see no grounds for regarding that part of the gut which extends from the entrance

of the gut into the body cavity up to the opening of the bile duct as a stomach. The

bile duct does not coincide with any change in the structure of the gut, and therefore

to use it as a boundary is entirely arbitrary. Maas gives the characters of this part

of the gut as follows : Epithelium single-layered, with striated border and- no pits.

Gland cells and mitoses present, also a muscularis mucosae. Adenoid submucosa

with large vessels. Circular unstriated musculature. In my preparations the striated

border and gland cells are not present at the anterior end of the "stomach," but

epithelial pits do occur in this region of the gut. I find no muscularis mucosae, and

the submucosa in every sense connects up the dense fibrous submucosa of the

oesophagus with the stratum compactum of the abdominal gut.

ScHREiNER divides the. gut of Myxine into a mouth, oesophagus [pharyngeal gut],

intermediate region (no stomach), true gut, and ectodermal anus and cloaca. In the

mouth he finds the epithelium many-layered, the superficial layer giving the slime

reaction, and the basal cells being small and polygonal. The slime cells, the life of

which terminates with the discharge of the slime, are exactly similar to those of the

skin, and develop in the same way. There are no granular cells. The boundary

between the mouth and "oesophagus" is the naso-pharyngeal opening. In the "inter-
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mediate region," which may be entirely closed by the constrictor muscle [constrictor

cardiie], the granular cells become rare and finally disappear, the slime cells are reduced

in number, and the superficial cells again give the slime reaction as in the mouth.

Haack, who appears to be unaware of Maas' paper on the gut of Myxine, states

correctly that the multicellular oral gland of the lamprey is not present in Myxine.

He criticises Schreiner's paper as regards some of the smaller detail, and finds no

transverse folds in the pharyngeal gut, as I do. He regards the gut up to the

beginning of the gills as corresponding to the pharynx of Petromyzon. My prepara-

tions agree with his in one respect—that the granular cells do not contain a continuous

thread, as described by Schreiner. They do not, however, always contain the thread

in the outer skin. He compares the granular cells with the gland cells in the

oesophagus of the Ammocoete.

The nasal tube is surrounded more or less by an extensive lymphatic sinus situated

between the nasal rings and the tube itself. The epithelium is many-layered and rests

on a distinct basement membrane. Under that there is a dense fibrous vascular

connective tissue which diminishes posteriorly. The superficial cells of the epithelium

give the mucin reaction. The glassy mucous cells are very numerous and larger than

those in the skin, but the granular cells are scarce and quite small.

There are no mucous cells in the olfactory laminae of the nose, although they are

still present in the ventral non-olfactory portion of the tube, the epithelium of which

is so thin that the mucous cells not only occupy its entire height, but project beyond

it into the lumen of the nasal chamber.

In the naso-pliaryngeal tube the epithelium is very thin but many-layered, and

there is a definite basement membrane. The glassy mucous cells are very numerous,

but only a few of the superficial cells give the mucin reaction. The discharging glassy

cells project markedly into the lumen of the tube, and often at the other end rest on

the basement membrane. There are numerous granular cells in the posterior section of

the tube, especially in the region of its opening. Next the epithelium is some very

loose vascular connective tissue, which posteriorly becomes fibrous, and then follows

the lymph sinus.

The epithelium of the mouth near the opening is many-layered, and rests on a dense

fibrous connective tissue. There is no difi"erentiated free border. The three or four

superficial layers of cells give the mucin reaction, and their nuclei are pushed to one

end of the cell. The glassy mucous cells are numerous and large, but there are no

granular cells, nor any multicellular glands. There are no mucous cells in the

immediate neighbourhood of the teeth, and in fact the number of these cells is reduced

in this region, the lateral epithelium further being here very thin, but containing

raucous cells.

At about the region where the naso-pharyngeal tube opens into the mouth, i.e.

opposite the anterior extremity of the notochcord (cp. fig. 1), large numbers of the

granular mucous cells appear in the epithelium, similar to those in the skin, but
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smaller. They also occur in the hinder extremity of the naso-pharyngeal duct. At

the same time the glassy mucous cells increase in number, and the superficial cells

giving the mucin reaction so characteristic of the anterior section of the mouth

almost disappear, to be replaced by an epithelial mosaic. Further back, however,

they become more numerous again, but are never as well developed as in the mouth.

There is no doubt that we have here a distinct change in the character of the

epithelium, which corresponds to the boundary between the stomodseum and the

mesenteron.

The submucosa is a very dense fibrous connective tissue immediately under the

epithelium, but becomes looser further away from it. The gut behind the velum

resembles the velar gut.

Posterior to the velum the gut gradually narrows down to rather more than half

the width at the velum, and the lumen becomes correspondingly contracted and

flattened dorso-ventrally. It then gradually increases in calibre, the lumen becoming

larger and oval in transverse section. These changes, however, involve no corresponding

histological change.

There is no real distinction between the pre-branchial and the branchial gut, but

the branchial submucosa is more vascular and not so dense, and there are rather more

unstriped circular muscle fibres, although they are still very sparse. Again, near the

hind end of the branchial gut I have observed a slight tendency for the unstriated

musculature to be directed into \he, folds. Both the glassy and, to a lesser extent the

granular, mucous cells, are still present in great abundance, but the unstriped

musculature embedded in the submucosa almost disappears posteriorly, and external to

the submucosa for a short distance we have a new layer, a wide zone of fatty tissue,

encircling which is a layer of unstriated muscle. Apart from the epithelium a section

of the gut here is not unlike one of the abdominal intestine.

The branchial gut increases gradually in calibre from before backwards, and the

lumen is largest a short distance in front of the ductus oesophago-cutaneus. It then

narrows down markedly, increases again in the immediate neighbourhood of the ductus,

whilst behind the latter, and where it is surrounded by the constrictor cardise, it

abruptly diminishes, and is smaller and more definite in shape {i.e, circular in transverse

section) than in any other region of the gut. Behind the constrictor it widens again

gradually until the region of the bile duct is reached, and then it rapidly expands into

the full size of the abdominal gut.

The transition from the branchial into the abdominal gut may be best studied in a

series of longitudinal sections. We then note the following points :

—

Epithelium. —No change is noticeable until about the centre of the constrictor

cardise, where there is a marked diminution in the granular mucous cells. The glassy

cells also decrease in number, but not to the same extent. Both kinds of cells, however,

may occur right up to the boundary between the two types of gut

—

i.e. between the

many-layered and single-layered epithelium. With the diminution of the mucous cells
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the superficial cells of the epithelium again assume the mucin-secreting character as in

the mouth. The epithelium gradually decreases in height from 72 m up to the

boundary, where it is only 40-48 m high. The transition is quite sudden. It does not

occur at the same level in all the folds—otherwise a straight line would accurately

divide the two types of epithelium. The single-layered epithelium of the abdominal

gut is at first without the striated border, nor does it possess any gland cells. It very

gradually increases in height, and acquires first the striated border and then its charac-

teristic unicellular glands.

Submucosa.—Dense and fibrous in the branchial gut, but immediately in front of

the constrictor cardige it is largely replaced by a thick layer of fatty areloar tissue. In

the region of the constrictor, however, the submucosa is again, and even more, dense

and fibrous, and becomes increasingly so as it passes backwards. Behind the constrictor

{i.e. at the epithelial change) it gradually diminishes, and passes without a break into

the stratum compactum of the abdominal gut. There is no doubt that the latter layer

is only another form of the same tissue as the submucosa of the pharyngeal gut,

although its staining reactions are slightly different. The curious submucous blood

sinus associated with the stratum compactum may be traced as far forwards as the

epithelial change.

Musculature.—^The unstriated musculature gradually increases as we trace the

branchial gut backwards, and it is a very conspicuous layer in the fatty region im-

mediately in front of the constrictor cardiae. It diminishes somewhat at the anterior

end of the constrictor, but increases again as it passes backwards, decreasing once more

at the epithelial change, finally becoming directly continuous with the weak unstriated

musculature of the abdominal gut. The new layer, therefore, in the latter gut, which

is not represented in the branchial gut, is the thick zone of fatty lymphatic tissue

between the stratum compactum and the unstriated musculature.

The entrance of the bile duct marks no change in the character of the gut, and

hence 1 am unable to agree with Maas that there is a representative of the stomach

in Myxine. The epithelium, stratum compactum, and the lymphoid tissue are the same
both in front of and behind the aperture of the bile duct, although the typical abdominal

gut extends only a very short distance in front of this point.

The passage of the mid- or abdominal gut into the hind-gut or cloaca is also best

observed in serial longitudinal sections. We thus find :

—

Epithelium.—Insensibly diminishes from 120 m, losing its gland cells and its

striated border, until at the boundary it is only 32-56 m high. Maas figures the

striated border and the gland cells right up to the change, a condition not found in

any of my preparations. The single-layered epithelium of the abdominal gut meets
the many-layered epithelium of the cloaca at a bevel joint, dissimilar to the junction

of the branchial and abdominal guts, and in such a way as to suggest that the abdominal
epithelium represents the gradually heightened superficial layer of cells of the cloacal

epithelium. The latter increases slowly in height up to 80 m, and for some distance
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is devoid of the glassy and granular mucous cells. Near the cloacal opening, however,

and in the dorsal chamber of the cloaca,* the two latter become extremely numerous

—

in fact much more so than they are in the neighbouring skin. Posterior to the anus,

the lining of the entire cloaca, and even the urinary papilla, contain both kinds of

raucous cells.

Suhmueosa.—The stratum compactum behaves as at the anterior boundary, and

passes gradually into the dense and more deeply staining fibrous submucosa of the

hind-gut. In the 19 -cm. Hag the submucosa of the posterior extremity of the mid-

gut is almost replaced by large blood spaces. The characteristic blood sinus in the

stratum compactum immediately underneath the mucosa can be traced no further back

than the change in the epithelium. The lymphoid cells are not present at the extreme

end of the submucosa of the mid-gut, and the adipose areolar section of the submucosa

dies away somewhat in front of the epithelial boundary.

Musculature.—In the sections of the 25-cm. Hag a new tissue appears in the hind-

gut. The unstriated musculature of the mid-gut disappears, and is replaced by a

primitive tissue resembling an extremely simple form of cartilage, unlike, however, any

definitive cartilage of Myxine. It encircles the whole of the hind-gut, exclusive of the

posterior extension of the body cavity and of the segmental ducts, and recalls the thin

sheet of cartilage described by Ayers and Jackson in the wall of the cloaca of

Bdellostoma (cp. my Part I., p. 786). In the sections of the 19-cm. Hag this tissue is

not present, and its place is occupied by a well-developed and undoubted unstriated

circular musculature, but there are indications posteriorly of its replacement by the

connective tissue.

Maas failed to find any glassy or granular cells in the cloacal epithelium, although

he says they reappear in the " anal " slit itself He also describes a muscularis

mucosae, a statement I am unable to confirm. Schreiner, like myself, finds both kinds

of mucous cell in the cloaca.

The height of the mucous epithelium in the different regions of the gut may now

be given. The measurements are in /x. The nasal tube at the opening is 48 ; it

rises to 100 and sinks to 60 at the posterior end. In the naso-pharyngeal duct the

epithelium is only 32 at the anterior end, but it gradually deepens as it approaches its

oral aperture, where it is about 80. In the mouth, up to the posterior extremity

of the velum, the height varies from 80 to 140, but is more frequently about 100, the

lower figure, however, being more usual behind. In the pre-branchial gut the epithehum

is very constant, and measures almost invariably 100. In the branchial gut it drops from

100 to 80. It rises in the region of the constrictor cardise to 100 and 120, but falls

to 80 on the first entry of the gut into the abdominal coelome. In the abdominal gut

the figures vary from 102 to IGO, the commonest measurement being 140, whilst at the

posterior end it is 120.

* i.n. ill the region of Burnk's "anal slime gland."
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G. The Liver and Biliary Apparatus.

1. Superficial Anatomy (Figs. 4 and 13).

The liver consists of two lobes— a large posterior and a smaller anterior. When the

body cavity is opened by a median ventral incision the anterior lobe is observed to

overlap the posterior, the latter on the left passing forwards under the anterior lobe.

On the right the gall bladder projects from a notch between, and dorsal to, the two lobes

of the liver, being partially overlapped by both, the right posterior extremity of the

one and the anterior extremity of the other being bevelled off to receive it. The

anterior border of the anterior lobe is just at the level of the two external branchial

openings.

The sub-intestinal vein, formed by factors from the ventral wall of the anterior

abdominal gut, suddenly emerges from the gut wall opposite, or in front of, the posterior

end of the posterior lobe of the liver, and passes downwards along the hinder vertical

border of the hepatic ligament to reach the apex of the posterior lobe. From here it

passes forwards towards the sinus venosus along the entire length of the ventral surface

of the posterior lobe. A smaller branch, however, may be traced along the dorsal

surface. These conditions, or rather their superficial relations, vary in different

individuals.

The mesentery, which suspends the gut, passes from the ventral wall of the gut on to

the posterior lobe of the liver as the hepatic ligament. It supports the posterior lobe

along its whole length, the only interruption being in the region of the gall bladder.

The depression associated with the point of exit and entry of the posterior hepatic

duct and vessels is situated in the direct plane of the hepatic ligament. Hence the

two factors of the ligament, in passing straight on to the liver at this place, simply

diverge to allow the passage of the vessels. In front and on the right, the posterior

lobe of the liver is bevelled off dorsally to receive the gall bladder, whilst its anterior

extremity is overlapped ventrally by the anterior lobe. The two lobes are absolutely

distinct, each having its own independent serosa.*

In the region of the gall bladder the mesentery passes loosely from the gut on to

the right side of the gall bladder. This admits the passage of the various ducts and

vessels associated with the gall bladder and the two lobes of the liver. From the left

side of the gall bladder the mesentery is reflected on to the dorsal surface of that portion

of the posterior lobe of the liver in front of the depression mentioned above.

Unlike the posterior lobe, the anterior lobe of the liver has no definite ligament, but

its posterior edge usually more or less adheres to the posterior lobe. The mesentery

passes on to it from the anterior left surface of the gall bladder, and reaches it immedi-

* This statement must be qualified. In one series of sections I found a slight but quite unmistakable fusion of

the glandular tissue of the mesial edge of the posterior lobe and the dorsal surface of the anterior lobe in the region
of the overlap a little to the left of the middle line of the body. Further, in one dissection the two lobes of the liver

were completely fused into one body.
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ately behind the region where its vessels enter and leave. From here it extends back-

wards, forming a separate bag in which the anterior lobe lies, and its only attachment is

in front where the mesentery passes from almost the entire anterior edge of the lobe on

to the pericardio-peritoneal partition, itself in its free portion consisting of a double

sheet, i.e. a peritoneal and a pericardial factor. Elsewhere it is the latter factor which

excludes the liver from the pericardial cavity.

On the side of the intestine and the body wall the posterior lobe of the liver bears

a prominent anterior obliquely curved bevel for the reception of the gall bladder.

When the lobes of the liver are turned over to the left and pinned down so as to

expose the whole of the gall bladder, the latter is seen to be a relatively very large sac.

It is dorsal to the liver, and entirely on the right side of the body. Two of its ducts

are seen at once {a.h.d. and^.A.,cZ.). They are the two hepatic ducts—really hepato-cystic

ducts—arising one from each lobe of the liver {a.l.l. and^.^.Z.), from its dorsal surface

in the middle line, respectively a little in front and a little behind the gall bladder

itself (^.6.). Between these two the bile duct (h.d.) leaves the ventro-mesial surface of

the gall bladder, and, passing somewhat forwards, soon enters the gut a little to the left

of the raid-ventral line and a short distance behind the heart. If the intestine be split

up, the bile duct is observed to open into it by a conspicuous aperture at the apex by a

large backwardly directed papilla. As the bile duct approaches the intestine its wall

becomes thickened—due to an aggregation under the serosa of the follicles of the

supposed " pancreas," the structure of which is described elsewhere.

On opening the gall bladder, and delicately brushing its internal surface clean, we

observe a conspicuous depression, with an aperture at the bottom, on the surface facing

the intestine. This is the opening of the bile duct. A short distance in front, but to

one side of it, is the smaller and less obvious aperture of the anterior hepatic duct. A
slight distance behind and also to one, and the opposite, side (c^^ fig. 4) is another

similar opening—that of the posterior hepatic duct. There are thus three openings

into the gall bladder, and the hepatic ducts have no direct connection whatever with

the bile duct. In one specimen I found two anterior hepatic ducts, each having a

separate opening into the gall bladder, there being therefore in this case four cystic

openings. The additional duct, which was very small, was formed by the fusion of two

thread-like tubes from the anterior lobe of the liver, but on nearing the gall bladder it

became enlarged to the normal width and opened by a small aperture close to the

larger one of the normal duct.

The anterior hepatic duct (a.h.d.) courses almost straight backwards, until it

reaches the gall bladder, where it bends abruptly on itself in a U and opens almost at

once into the cyst. The posterior hepatic duct [p.h.d.) passes almost straight for-

wards, but on reaching the gall bladder it bends over to the opposite side [cp. fig. 4),

almost at a right angle, to reach its aperture. This difference between the courses of

the two hepatic ducts I find also in the sections. As shown in fig. 4, each hepatic duct

is accompanied by a branch of the common portal vein (c.jj.v.) and of the coeliac
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artery (coe.a.), the latter especially being closely attached to the duct, and somewhat

difficult to separate out. All three respectively enter and emerge for the liver at the

same place. The branch of the coeliac artery, dividing into the cystic and hepatic

arteries, closely accompanies the bile duct—in this case anteriorly. The main stem of

the artery courses along the intestine, and may pass over or under the root of the bile

duct. In another, and well-injected, specimen the coeliac artery behaved as follows :

it arose as a pcm-ed artery, which, after giving oif on each side various branches, e.g.,

to the pronephros, fused ventrally so as to form a complete ring around the gut in

front of the bile duct. From this ring another and smaller circle was given off below

the gut which surrounded the bile duct. From the latter arose the branches to the

"pancreatic" follicles, the bile duct and gall bladder, and the anterior lobe of the liver.

Posteriorly the lesser ring gave off a large branch to the mid-ventral surface of the gut,

and the branch to the posterior lobe of the liver.

In a Bdellostoma cirrhata, Sch., dissected by Dr Dakin, the anatomy of the gall

bladder and cystic ducts was found to be essentially the same as in Myxine.

J. Muller's figure of the gall bladder and ducts may conceivably represent one of

the variations which are so common in Myxine, but it is certainly quite inaccurate as a

representation of the normal condition. He figures the two hepatic ducts opening into

the base of the bile duct. His very brief reference to this region in the text takes no

account of the openings of the ducts. The fact that the hepatic ducts may open direct

into the gall bladder is, of course, an unusual but not a unique phenomenon. It was,

1 believe, first described in the ox by Verheyen in 1710, and occurs as a rare variation

even in man. I am not aware, however, of any case so clear and interesting as that

of Myxine.

WiEDERSHEiM, in the first edition of his Lehrhuch (Th. ii, p. 590), publishes an

original figure of the biliary apparatus of the Myxinoids, which agrees practically with

Muller's figure, and to which therefore the comment above also applies. His remarks

are, however, more definite. He says: "Aus jedem Leberlappen tritt ein Ductus

hepaticus hervor und diese confluiren zu einem Ductus choledochus, in dessen Riick-

wartsverlangerung die Vesica fellea (resp. der Ductus cystieus) gelegen ist."

Even Maas, in his work on the " pancreas" of the Myxinoids, agrees practically with

MuLLER and Wiedersheim. In Myxine he says (p. 3) :
" Die Beziehungen der drei

Gauge sind so innige, dass zwischen vorderem Lebergang und der Austrittsstelle des

Gallenganges nur ein verschwindendes Stlick Gallenblasenwandung liegt, und dass fiir

den hinteren Lebergang der Gallengang einfach die Fortsetzung bildet." In Bdellostoma

he is more definite (p. 571): "Dieser letztere [bile duct] setzt sich, durch ein en sehr

kurzen Ductus cystieus mit der Gallenblase in Communication stehend, aus der

Verbindung von rechtem und linkem Lebergang zusammen und miindet wie bei

Myxine genau ventral median in den Darm ein." I have repeated my dissections of the

biliary apparatus of Myxine a number of times, and find on the whole a remarkable

agreement with the conditions already described. The only variation of importance was
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the occurrence of the extra anterior hepatic duct mentioned above. If the gall bladder

is split open, and its internal surface carefully examined, there is no difficulty in

finding the three perfectly distinct apertures as I have described them.

2. General Anatomy of the Liver.

(A.) First, as regards the blood-vessels and hepatic ducts. The sub-intestinal vein,

on reaching the posterior extremity of the posterior lobe of the liver, behaved in one

case as follows : it split into two large vessels—one passing on to the ventral convex

surface of the lobe, and the other on to the dorsal concave surface. The latter itself

split into two almost equally sized vessels, and both, after repeated branching, were

finally dissolved among the liver tubules. This proves that the sub-intestinal vein

acts not only as a collector but as a distributor, i.e. that it brings blood to the liver

just as the portal vein does.

On the other hand, the vessel on the convex ventral surface, which represents the

main trunk of the sub-intestinal vein, remained fairly constant in size in spite of

frequent interchange of vessels with the liver. Large veins were undoubtedly received,

showing that the sub-intestinal collects blood returning from the liver, and is therefore

the 'posterior hepatic vein. Its course is always more or less superficial.

No factors of the hepatic duct are associated with the sub-intestinal vein or its

constituents.

Anteriorly the sub-intestinal comes more to the surface of the lobe, and is plainly

visible in a surface view. It leaves the posterior lobe at its extreme anterior point as

its sole or principal hepatic vein and opens into the sinus venosus. There may, however,

in addition, be another efferent vessel associated with the posterior lobe, opening

separately into the sinus venosus and corresponding to the similar vessel [anterior

hepatic vein) draining the anterior lobe of the liver. It may be called the accessory

posterior hepatic vein, and, like the sub-intestinal, it receives blood from the irregular

spaces everywhere present between the liver tubules, and courses along the dorsal

surface of the lobe. I thought at first that this vessel might be the direct continuation

of one of the dorsal branches of the sub-intestinal described above, just as the sub-

intestinal itself is continued forwards as the principal hepatic vein of the posterior lobe,

but the specimens I investigated with respect to this point gave no support to such

a supposition. The accessory posterior hepatic vein, therefore, is a true hepatic vein,

and is actually constituted within the substance of the posterior lobe of the hver.

From behind forwards the above vessels open into the sinus venosus in the following

order : (1) accessory posterior hepatic vein
; (2 and 3) posterior hepatic or sub-intestinal

vein and anterior hepatic vein almost simultaneously. In front of this region the

sinus venosus in my large series of sections received seven independent smallish

accessory anterior hepatic veins from the anterior lobe of the liver, which extended

forwards for some little distance in front of the place where the main anterior hepatic

vein left it.
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There is a distinct diflfereiice between the larger branches of the portal vein and

those of the sub-intestinal vein. In the former case they have an obvious connective-

tissue sheath, and are surrounded by factors of the hepatic duct, whilst in the latter

case they are irregular spaces between the liver tubules, apparently unlined,* and

usually contain a lesser quantity of blood. Nevertheless, the two series of spaces

communicate freely within the liver. A forward injection of the portal vein at once

passes from the liver substance backwards along the sub-intestinal vein.

The portal vein, on entering the liver, splits into a number of large vessels of

considerable blood capacity compared with that of the vein itself. The pressure of

blood in the liver, therefore, must be low.

As that division of the portal vein which enters the posterior lobe of the liver is

coursing backwards over the surface of the liver preparatory to plunging into it, there

is given off first a large vessel which courses forwards in the interior of the anterior

section of the lobe, and which preserves its identity almost up to the anterior extremity

of the latter. The portal vein then detaches another large vessel, which supplies the

more central section of the gland. Finally, it enters the lobe at the point where the

hepatic duct leaves it, coursing at first alongside and external to the associated larger

factors of the hepatic duct near the surface of the lobe, and giving off large vessels to

the interior. It then penetrates to about the centre of the lobe, still accompanying the

larger factors of the hepatic duct. Finally, as the posterior extremity of the lobe is

approached, and the hepatic duct is represented by a large number of very small

tubules, the portal vein splits first into two and then into four, and so on until its

identity is no longer maintained.

With regard to the anterior division of the portal vein to the anterior lobe of the

liver, the vessel, on entering the lobe, gives off two large branches which pass back-

wards, and supply that part of the gland behind the point of exit of the hepatic duct.

The remainder passes forwards, accompanied by the factors of the hepatic duct, soon

splits into two and then into four, and thereafter behaves in the same way as in the

case of the posterior division.

Near the point of exit from the liver we encounter the usual portal canals, con-

sisting of one or more branches of the portal vein, hepatic artery, and hepatic duct,

enclosed in the connective-tissue sheath of Francis Glisson. This association, however,

has by no means the definite significance and regularity of the higher animal. The

artery is distinguished by a well-defined lining and its conspicuous closely set nuclei

projecting into the cavity of the vessel.

The, posterior hepatic duct, after leaving its lobe of the liver, receives a large duct

from the anterior section of the lobe. If this itself be now traced forwards, it almost

at once, and before becoming actually buried among the liver tubules, splits into a

very large number of small ducts which are arranged round the portal vein and its

The boundaries exhibit a few flattened nuclei at intervals which belong to the inconspicuous lining of the
vascular space and not to the basement membrane of the tubules.
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branches. These ducts are readily identified by their more deeply staining shallow

epithelium and closely crowded nuclei.* The contrasted liver tubules, of course, open

into them.

The main or posterior section of the posterior hepatic duct, on being followed

backwards from its point of exit from the liver, is found to behave in precisely the

same way as the smaller anterior section. Whenever the portal vein gives off a

large branch, the hepatic duct detaches a corresponding branch, and this immediately

breaks up into a large number of small tubules which at once surround the vein. There

is, however, one difference between the two sections of the posterior hepatic duct. The

posterior one preserves its identity for some distance within the liver—in fact, as long

as the portal vein is represented by a conspicuous vessel. But when the latter splits

into two, the hepatic duct is thereupon dissolved into numerous small tubules.

In places the biliary tubules become enlarged, and here contain a substance which

looks very like broken-down blood corpuscles. It is possible this may be a pathological

manifestation.

The anterior hepatic duct leaves the anterior lobe of the liver as two large tubes

which, however, immediately join. Each is formed by the junction of two ducts—in

one case of two relatively small ducts. These then enter the liver in company with

the portal vein. Since the greater part of the lobe lies anterior to the exit of the

hepatic duct there is not the same occasion, as in the case of the posterior lobe, for the

existence of anterior and posterior sections of the duct, and, as a matter of fact, the two

tubes mentioned above are concerned mostly with that part of the lobe anterior to the

point of exit. A few smaller tubes pass backwards to drain that part of the lobe

posterior to the exit place. The factors of the anterior hepatic duct behave, and are

related to the anterior branch of the common portal vein, exactly as in the case of the

posterior lobe already described.

The liver is extremely vascular. It contains large, sometimes very large, irregular

blood sinuses, only partially filled with blood, which at first sight appear to have no

definite walls. As above stated, other blood spaces have an obvious connective-tissue

wall. The former are associated with the sub-intestinal and hepatic veins, the latter

with the portal vein. In serial sections I have been able to trace a direct continuity

between these two types of spaces.

In a well-injected liver each tubule is seen to be completely surrounded by a

vascular space—in fact so much so that the substance of the liver appears to include

more blood tissue than liver tubules. None the less, I have found no clear case of a

vessel entering a tubule—they remain always outside them. There are no inter-

cellular or intra-tubular vessels.

Injection from the heart {i.e., via the hepatic arteries) or from the portal vein gives

the same .result. A coarse vascular network is disclosed which penetrates everywhere

between the liver tubules, and constitutes not a capillary system but a reticular sinus.

* In one case I found only three cells in transverse section.
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This sinus is usually injected if the needle of the syringe is simply plunged into the

liver at random. The liver admits of considerable vascular distension. The tubules

may be so close together as to obliterate, or almost obliterate, the intervening blood

spaces, or the latter, if congested, force the tubules apart and form relatively large

channels.

(B.) Second, as regards the histology of the liver tubules. The Myxinoid liver is a

simple tubular or racemose gland, in which the tubules end blindly and form no net-

works. Microscopically there is only one kind of tubule. I have searched in vain in

my serial sections for any glandular tissue which might constitute a histological pancreas.

The liver is enclosed in the usual serous and fibrous coats, the latter with long nuclei

;

but no trabeculse are dispatched internally to ramify among the liver tubules. In fact,

the liver has only an extremely slight connective-tissue framework. Some of the large

superficial blood-vessels, however, are invested by fibrous tissue continuous with that of

the external fibrous coat.

The liver tubules are circular or oval in transverse section, and possess a very thin

non-cellular basement membrane. The central cavity, varying with the state of activity

of the tubule, may be large and irregular, small and round, or apparently wanting

altogether. Under the hig-hest magnification the free border has a well-defined margin

outlined by chromophilous granules like exceedingly minute nuclei. The diameter of

the tubules varies from 32 to 78 m—average 56 fi ; height of the cells from 8 to 28 m

—average 17 m;* diameter of the cavity from 4 to 44 m (Holm gives 3 to 8 m) ;

the number of cells seen in a transverse section of a tubule is from 4 to 15, average

number 8 to 9 (Braus says 4 to 6 and Holm 5 to 10).

The cytoplasm of the liver cells may be very vacuolated. Large intracellular cavities

may occur which themselves open into the larger lumina of the tubules. Intercellular

canaliculi or bile capillaries may be very numerous and striking, so that in transverse

section a star-shaped cavity is seen. The cells of the whole liver may be thus vacuo-

lated, but here and there small aggregations of tubules are found with solid cytoplasm

and slightly larger nuclei. These are in sharp contrast with the surrounding vacuo-

lated cells, owing to their naturally taking on a deeper stain.

Small patches of adipose tissue are to be seen scattered among the liver tubules.

The nuclei of the liver cells are spherical, with well-marked reticular chromatin, and

are obvious diff"erentially staining nucleolus. They measure from 5 to 10 /x, but the

larger sizes are the more frequent. Occasional mitoses, of the type described by the

ScHREiNERS in other Myxine tissues, may be observed.

In thick sections we notice that the superficial tubules are looser, have larger cavities

and more vacuolated cytoplasm, and are not so packed together as are the more central

tubules.

The structure of the liver of Myxine has been investigated by Braus, who used

* According to Braus, 30 fi.
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material down to 7 cm. in length. He describes cytozonal networks formed by the

bile channel splitting, surrounding little islands of several cells, and then joining up

again. I also find these. Braus confirms Retzius that the innumerable small blind

side capillaries given oS" from the central lumen of the tubule, which penetrate between

the liver cells, do not reach the periphery of the tubule. This is generally, but not

universally, true. He also states that, besides the nucleus, the body of the cells contains

large "nebenkerne" resembling corresponding structures in pancreatic tissue. He

believes these to be the remains of the achromatic spindle of recent mitoses, and thus

archoplasmic in character. M^hilst agreeing that the liver of Myxine is a tubular gland,

he describes certain deviations from the purely tubular structure which suggest the

origin of networks of bile capillaries.

Holm states that the liver of Myxine is a typical tubular gland. He describes a

strong layer of unstriated muscle fibres round the larger blood-vessels which I have not

found, and asserts that the blind intercellular bile capillaries reach the periphery of the

tubule. He has injected the liver from the portal vein.

3. Bio-chemistry of the Liver.

I have not found it possible to overcome satisfactorily the practical ditiiculties in

the way of testing the secretion of the so-called " pancreas " of Myxine. The gland

itself is so very small that almost hundreds of dissections would be necessary, and its

situation is such that one could never guarantee any extract made from them would be

free from the secretion of the liver. In any case, however, this does not matter. As

far as my material is concerned, the " pancreas " can have no eff'ect on proteid digestion

in the animal.

An eff"ective pancreas, therefore, being absent, the question is raised as to the

function of the liver. Two problems had to be solved : ( 1 ) Was the liver a true liver-

could it be compared with the liver of higher vertebrates? (2) Was it more than a liver

—i.e. was it also a digestive gland ? To the former point an answer in the affirmative

can be given. I had hoped to have included here an account of the digestion experi-

ments which have been carried out on the liver and gut of Myxine. These, however,

are not yet complete, and cannot now be completed until next year. The Hags

migrate into deeper water in the winter, and at the time of writing (September 23)

the females have already left, only one out of the 150 examined being a female.

The chemical and physical properties of the contents of the gall bladder were

investigated in several freshly killed Myxine. I ought to add that these specimens had

been kept in the tanks at Cullercoats for some time, and it is well known that Myxine

do nob maintain their health in caj^tivity, nor will they feed. The following results

might lience have to be slightly modified if bile taken from animals fresh from the sea

were examined. Exactly similar experiments were carried out with a specimen of bile

taken from a freshly killed ox, the two series of observations being performed side

by side.
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A careful comparison of the results obtained shows that Myxine bile, although

obviously differing in percentage composition, contains all the essential constituents of

ox bile, and hence the liver of Myxine is a true vertebrate liver, whatever else it may be.

Both fluids have a greenish brown colour, but whilst ox bile is a clear viscous fluid,

Myxine bile is almost opaque. The latter, however, is of a much more watery con-

sistency, due to the presence of a smaller percentage of mucin. Myxine bile has the

characteristic bitter taste of ox bile, but the latter is more aromatic. Further, ox bile

is slightly alkaline to litmus paper, but Myxine bile is neutral.

The presence of mucin and nucleo-protein may be tested for by adding a few drops

of acetic acid to a small quantity of bile, when a precipitate insoluble in excess of acid

is thrown down. Ox bile gave a bulky mucinoid precipitate with this test, but with

Myxine bile the precipitate was only sufficient to render the fluid turbid. With

methylated spirit both fluids gave a bulky precipitate of mucinoid nucleo-albumin

coloured by pigment.

The pigment tests were not, on the whole, quite so pronounced as with ox bile, but

were sufficiently good to leave no doubt as to the presence of bile pigments in Myxine

gall.

On shaking up a small quantity of ether with the two separate samples of bile, no

pigment was extracted by the ether, but, on the addition of a few drops of concentrated

hydrochloric acid, nucleo-protein was in both cases precipitated and pigment extracted

by the ether. Ox bile gave much the better result, both in the amount of the precipitate

and of the pigment extracted. Pigment was further tested for by Gmelin's ring test.

This is carried out by saturating a portion of filter paper with bile, and placing a drop

of fuming nitric acid in the centre of the saturated area. After a short time a number

of differently coloured concentric rings appear at the margin of the nitric acid drop, and

slowly spread. The order of the colours is (1) yellow, appearing at the junction of bile

and acid and due to the pigment choletelin
; (2) red

; (3) violet, passing into blue, due

to bilicyanin ; and (4) green, due to biliverdin. Owing to the limited quantity of

Myxine bile available, only a very small area of the filter paper could be saturated, but

rings of yellow, red, and blue could be faintly seen. Ox bile, again, gave the more

striking result.

As regards bile salts Pettenkofer's test gave an excellent result with Myxine bile.

The test consists in adding a drop of 1 per cent, solution of cane sugar to a few drops

of bile, and thoroughly shaking. Concentrated sulphuric acid is then carefully poured

down the side of the tube, and at the junction of the two liquids a purple ring slowly

develops. On shaking, the contents of the tube are coloured a deep purple. By

using a solution of cane sugar and sulphuric acid only, by way of control, no purple

colour was produced, but only the characteristic brown colour due to the charring of

the sugar by the sulphuric acid. Hay's test depends on the presence of bile salts

reducing the surface tension of that liquid. When flowers of sulphur are placed on the

surface of bile they slowly sink to the bottom, but with water only the surface tension
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is sufficiently high to keep the sulphur at the surface. The rate of fall of the sulphur

particles was much more rapid with ox bile, but nevertheless with Myxine bile quite

a large quantity of the sulphur sank to the bottom of the tube.

Since the above was written, Professor Mekk obtained a fresh supply of Myxine,

and I at once went to Cullercoats and collected the bile from about 100 specimens.

I find the best way to do this is to remove the two lobes of the liver separately, and

then detach the gall bladder from the gut. Severing the hepatic ducts and the bile

duct does not cause bile to escape from the cyst. The latter can then be washed free

of blood, and slit open inside a test-tube. All the bile is thus collected without any

admixture of blood. It varies greatly in colour from a pale yellow to a deep green.

The colour of the liver also varies considerably.

The fresh bile is rather more gelatinous than that taken from animals kept for some

time in the laboratory tanks, and consequently the precipitate of nucleo-protein obtained

by acidifying the bile with acetic acid is much more pronounced. In the ether and

hydrochloric acid test a much greater proportion of pigment was extracted by the use

of dilute acid.

Gmelin's ring test was more successful with the fresh bile. This is better carried

out by pouring a thin film of bile on to a clean porcelain tile, and then adding the acid.

The rings visible were a very faint yellow, red, violet passing into blue, and a very

faint green. The red and blue zones were the most predominant, and this suggests

that bilicyanin is in excess of the other pigments.

4. Histology of the Gall Bladder.

The gall bladder is lined by a single layer of epithelium. The cells are tall and

narrow, and may measure as much as 35 m by 3 m- The nucleus is at the base and the

chromatic material very concentrated, so that the nucleus stains a solid black with

iron hsematoxylin. The free border of the cells, looking like a string of beads, is

denser than the remainder, and readily strips off in imperfectly preserved material, or

the free surface may dispatch into the lumen of the gall bladder innumerable sessile

droplets. The cells are not in apparent contact, but are separated by a narrow non-

staining zone. In badly preserved material the cells shrink considerably, and are then

separated by intervals wide enough to be distinguishable under the low power of the

microscope. The cytoplasm of the cells is coarsely vacuolated.

Immediately investing the lining epithelium is a complex fibrous coat. This is

essentially the vascular investment of the gall bladder, which, as shown by injections,

is richly vascular with a well-developed capillary system. Arteries and veins and their

connecting capillaries are readily distinguishable. Blood-vessels are very numerous

just under the epithelium, although in nearly all cases a few fibres intervene between

the vessels and the base of the epithelial cells. I have, however, here and there seen

fine vessels penetrate between the lining cells themselves.

The fibrous coat falls readily into three layers—a central transverse one and an
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outer and inner coat in which the course of the fibres is predominantly longitudinal.

The central coat has a specific staining reaction, and in general appearance differs from

the other two coats, its nuclei being far more numerous and up to 30 m long, and its

fibres more accurately parallel. It does not appear in all cases to run continuously

round the gall bladder, but is interrupted at intervals. It is the only one of the three

coats which is distinctly muscular, the other two being composed of connective-tissue

fibres. The inner coat is the most vascular. The connective-tissue fibres have shorter

and more irregular nuclei, and have a coarse, granular, wavy appearance. In some

methyl-blue-eosin preparations the connective-tissue nuclei stain blue, and the nuclei of

the muscular layer red. In other cases the order of the layers appears to be reversed

—the outer layers being muscular and the central one connective-tissue, and the

conditions may even vary in different regions of the same gall bladder.

A number of measurements of the thickness of the various coats of the gall bladder

results in the following average :—epithelium, 26 /* ; inner fibrous coat, 29 m ; middle

coat, 16 m; outer coat (very variable), 41 fx; total thickness of the gall bladder,

112 Ai. These measurements apply to the right lateral free surface of the gall bladder.

On the left the outer coat passes externally into a very loose connective-tissue layer

transmitting the larger blood-vessels.

Maas has a few notes on the histology of the gall bladder in his work on the

"pancreas" of Myxine (p. 6). He finds in "old specimens and sections in a favour-

able plane " two layers of unstriped muscle—one circular and one longitudinal. The

layer he misses is evidently the outer one, which I also have found sometimes

represented by a wide zone of very loose connective tissue. His description of the

other two as both muscular is doubtless well within the variability of the animal.

5. Histology of the Hepatic Ducts.

The hepatic ducts consist of a central single layer of epithelium, without a basement

membrane, almost directly under which is a rich vascular network. The epithelium

is surrounded by a coat of coarse connective-tissue fibres having an average thickness

of 60 /«, and which lodges the nerve bundles. This itself is enclosed by a very loose

connective-tissue sheath. When the hepatic duct is cut across a triple lumen is

disclosed. The largest is that of the duct itself ; the next is one of the two branches

of the common portal vein ; and the smallest is a branch of the cceliac artery. In the

neighbourhood of the artery and vein is found also an accompanying nerve. Further

smaller vessels and nerves are present, as above mentioned.

The hepatic duct is circular in transverse section and measures about 300 /j. in

diameter in an average specimen. Its lumen is not regular, but is indented here and

there. The lining epithelium consists of tall narrow cells about 72 m high and 4 m

wide. The nuclei are at the base, and are in marked contrast with those of the gall

bladder. They are oval and vesicular, with a well-marked nuclear membrane and

reticular chromatin. The cytoplasm is granular and may be vacuolated, the cell
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outlines are not very clearly defined, and the free border is somewhat modified and

tends to flake off" into the lumen of the duct. Occasionally an isolated nucleus in

mitosis may be seen between the row of basal nuclei and the free border.

The wall of the gall bladder is not perforated by the hepatic ducts at right angles

to its surface, but very obliquely, with the result that a flap is formed which acts as a

valve to the opening. At this point the transition from the epithelium of the hepatic

duct to that of the gall bladder may be well studied. The cells of the duct become

shallower and vacuolated, the non- staining areas between the cells appear, the

modification of the free border becomes emphasised into the moniliform strip of the

gall bladder epithelium, and the clear vesicular nuclei pass into the solid irregular nuclei

of the bladder. On the side of the valve the transition from one kind of nucleus to

the other is more sudden.

6. Histology of the Bile Duct.

The bile duct, like the hepatic ducts, consists of a single layer of irregular epithelium

exhibiting numerous mitoses and without a basement membrane, and surrounded by

connective-tissue coats. There are, however, some obvious differences. It is, of course,

larger, and has a diameter of 525 m in a moderate-sized specimen outside the region of

the "pancreas." The lumen accounts for at most 225 m of this. The wall is also

somewhat thicker than that of the hepatic duct, but, owing to the pitting of the

epithelial lining, this varies very greatly. In an average case the epithelium is 105 /«

tall, and the connective-tissue coat 75 /«. The bile duct perforates the gall bladder

more or less obliquely, but the aperture appears to be permanently and widely open,

since I find no signs either of a sphincter or a valve. The transition of the epithelium

of the bile duct into that of the gall bladder resembles that elsewhere described in the

case of the hcDatic ducts.
J.

As the bile duct approaches the gut its wall becomes thickened owing to the

presence of the "pancreas," the acini of which are situated within the thickness of the

connective-tissue sheath of the bile duct. The latter penetrates the wall of the gut

almost at right angles, and has a large opening at the apex of a prominent papilla, the

connective-tissue coats being here of greater thickness. At the base of this papilla

the lumen narrows down somewhat, but so far I have not found more than a sparse

collection of unstriped muscle fibre in connection with the opening into the gut, and in

fact there may be only equivocal traces of unstriped muscle in any part of the bile duct.

In other examples, however, an unstriped layer immediately external to the epithelium

is plainly establishable.

The lumen of the bile duct is not regular, but is thrown into many pits or bags.

This is due both to the folding of the epithelium, and also, and rather, to the variability

in height of the cells themselves. Many of the pits are long and narrow, as if they

were the terminations of glandular ducts ; but in nearly all cases they end blindly, in

a few cases in an ampulliform enlargement, without reaching the periphery of the
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epithelium. Again, narrow duct-like or vesicular cavities appear quite frequently in

the epithelium, and terminate blindly in both directions. Further, I have seen a duct

bent like a U and opening at both ends into the lumen of the bile duct. Again, they

appear quite freely in parts of the bile duct outside the region of the supposed pancreas.

The appearance presented by many of the vesicular cavities within the epithelium

of the bile duct is that of abortive evaginations. The cavity is surrounded by a layer

of non-glandular epithelial cells resembling those of the bile duct epithelium, and it

may or may not communicate with the lumen of the bile duct. Such structures are

commonly present in the centre of the lobules of the "pancreas." They give to those

parts of the bile duct where they occur the appearance of an epithelium of more than

one layer, and in any case it is not strictly unilaminar, as, for example, are the hepatic

ducts and the mucous membrane of the gut in this region.

The free surface of the epithelium has a sharp cuticular edge, according to Maas,

and flakes off into the cavity of the duct. The cells also extrude a substance which

stains black with iron hsematoxylin. This material may in some cases be seen within

the cytoplasm of the epithelium, whilst the lumen of the duct itself is devoid of it.

The nuclei of the epithelium of the bile duct are oval, clear, and vesicular, and

exhibit a reticular chromatin sometimes with, but often without, definite nucleoli. The

cells themselves have well-defined cell walls.

7. The " Pancreas."

In 1896 (37 and 38) Maas described what he called a pancreas-like organ in Myxine

and Bdellostoma/" He found, surrounding a portion of the bile duct, and also partly

embedded in the serosa of the gut, and somewhat more strongly developed in older

specimens, a peculiar glandular organ which he interprets provisionally as a pancreas.

He states that it may be recognised macroscopically, after the loose surrounding tissue

has been cleared away, as a yellowish white, lobulated envelope, which renders obscure

the course of the bile duct, and which cannot be removed without damage to the duct

and gut. It lies not symmetrically round the duct, but mostly on the left side, thus

diminishing on the side of the gall bladder. Near the opening of the bile duct into

the gut, however, the glandular mass forms a ring round the duct about equally

developed on all sides. It consists of a number of lobules, each of which is stated to

have a cavity in communication with the lumen of the bile duct. The secretion, then,

whatever its nature, would be discharged into the bile duct.

The following notes must be regarded, not as a complete description of the

" pancreas " of Myxine, but as supplementing the descriptions of Maas.

Counting the papilla within the lumen of the gut, the bile duct, from gall bladder

* It seems quite possible that the structure described by Maas had already been discovered by Schneider in

1879. He says (49, pp. 95-6): "Uin die Miindung [of the bile duct in Myxine] liegen eine grosse Zahl von
Follikeln iihnlich wie bei Ammocotes." There is nothing but the "pancreas" in this neighbourhood to explain such

a passage. Maas quotes Schneider's work, but appears to have overlooked his statements relating to Myxine.
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to gut, had a total length in a 31 -cm. Hag of less than 4 mm. Of this the pancreas

extended over rather less than the half nearer the gut.

The pancreatic alveoli, the structure of which varies very considerably, are situated

within the thickness of the connective-tissue coat of the bile duct, and in fact largely

within the serous wall of the gut. They may be found also even at the apex of the

papilla on which the bile duct discharges. Usually, however, there are more connective-

tissue fibres externally than internally to the alveoli, although I have always found a

well-marked zone of connective-tissue fibres between the pancreas and the epithelium

of the bile duct.

The pancreas consists of a number of lobules or alveoli clustered round the distal

half of the bile duct. There is a vascular plexus round the bile duct, which also passes

freely between the lobules of the pancreas, the vessels, however, always remaining

outside the periphery of the lobules and never penetrating within them. The whole

gland is surrounded by a strong sheath of connective tissue, which further extends

freely among the alveoli, separating them from each other. There is no basement

membrane to the alveoli, but each is separated from the connective-tissue framework

by a very sparse layer of unstriped muscle. The lobules vary greatly in size, a fairly

large example having a diameter of 255 a. Most, but not all, of them have a cavity,

generally a relatively large cavity, which may have a diameter of even 195 m. One

specially large alveolus had a diameter of 345 /j- and a cavity of 240 m.

The development of the lobular cavities varies considerably.* In those cases where

they are very large and frequent, I still do not find any connection between them and

the lumen of the bile duct. Sometimes the cavities of adjacent lobules approximate

and are only separated by a narrow partition. Nevertheless I have observed no fusion.

Again, spaces may appear sporadically in places outside the region of the pancreas, as,

for example, at the gall-bladder end of the bile duct, within the lining epithelium of the

duct itself. Instead of one large cavity a lobule may have five or more smaller ones,

which appear and disappear in an apparently capricious manner without discharging

anywhere. In nearly all cases the cavities are either partly or wholly surrounded by a

single layer of epithelium showing numerous mitoses, as in the epithelium of the bile

duct, and having in general a close resemblance to the latter epithelium. It is, in fact,

difficult to escape the conclusion that the pancreatic lobules are outgrowths from the

bile duct.

Very rarely the connective tissue separating an alveolus from the lining of the bile

duct is interrupted, and the glandular mass fuses with the biliary epithelium, but only

in a few isolated cases have I observed any connection, or any appearance which might

be interpreted as. a connection, between the cavity of the gland and the lumen of the bile

duct. I have even seen the secretory section of a gland fuse with the epithelium of

* Since tlie following paragraph was written 1 huve examined another series of sections, in which all the pancreatic

follicles were homogeneous and solid, and in which there conld be no ([uestion whatever of any dncts connecting them
with the bile duct. Fusions between certain of the follicles and the epithelium of the bile duct were observed, but

these fusions were wilhout the .slightest trace of a cavity.
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the bile duct—without any connection of the two cavities—whilst the duct portion of

the same gland was at the opposite end and turned away from the bile duct. In fact, I

find it to be the rule rather than the exception for the duct portions of the lobules to

be directed away from the cavity into which they are supposed to open. Indeed, in

practically all my preparations the pancreas is a ductless gland, although in saying this

I do not wish to claim that such a condition is any other than a secondary and

acquired one. The lobules with the largest cavities are often those which are absolutely

and indubitably shut otf from any connection with the bile duct. Owing to the strong

selective staining of the connective-tissue framework, there can be no question here of

any error of observation. Further, I have never found that injections thrown into the

lumen of the bile duct pass into the cavities of the pancreatic follicles. If the latter

were in connection with the lumen of the bile duct, such connections could easily be

observed where the connective-tissue sheath is penetrated. In the very few cases where

the connection was found, it was easily traced even with the low power of the microscope.

Several pancreatic lobules may fuse and have a perfectly defined epithelial duct

with a diameter of 144 m, and formed by a single layer of epithelium 36 m high, enclos-

ing a cavity 72 /x across. Such a duct may lose and acquire its lumen in a very curious

manner, and finally terminate in a cul-de-sac quite apart from the lumen of the

bile duct.

Usually the lobules are not isolated, but dichotomise so as to form connected groups

after the manner of an acinous gland. Some, however, may be quite independent.

There is, in fact, an absence of structural stability one does not usually find in an organ

of functional importance. The pancreas occurs only on one side of the bile duct, until

shortly before the latter opens into the gut, when it completely surrounds the bile duct

like a ring. The alveoli contain sometimes a colourless liquid, and sometimes a granular

substance including variously-sized particles—some of them quite large, and others

having a concentric appearance—staining an intense black with iron hsematoxylin.

Here and there one finds a single disintegrating cell in the alveolus.

The glandular as distinct from the epithelial portion of the lobule has a somewhat

complex structure. The nuclei are oval or round and have precisely the same appear-

ance as those of the duct portion of the lobule and of the bile duct itself, except that

the latter are larger and the chromatic network is somewhat looser and therefore stains

more lightly. In some cases a well-defined nucleolus can be seen lying in a clear area.

Very few mitoses were, however, observed. The cell outlines are sometimes difficult, or

even impossible, to define. In other cases they appear quite clearly, and the gland cells

are then seen to be irregular in shape and to vary in size. The cytoplasm is a loose,

faintly staining reticulum, and not granular. It may contain large non-staining spaces.

Inter- or intra-cellular cavities as described by Maas I have not observed ; but these,

like bile capillaries, may depend on the state of activity of the gland. A tangential

section of a lobule shows what might be interpreted as inter-cellular cavities, but these

on examination turn out to be the inter-lobular blood capillaries. I am speaking now of
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material specially fixed by intra-intani injection, in which I do not find any specially

modified cells associated with the possible existence of inter- or intra-cellular spaces.

Further, the gland cells of the pancreas have certainly not the appearance of an enzyme-

secreting gland, but if anything that of a mucin gland.

The fundamental point of difference between Maas' results and my own is that he

describes the secretion of the gland, whatever it may be, as discharged freely into the

bile duct, whilst in my material the gland is to all intents and purposes a ductless one.

I have no doubt we have both correctly described the material at our disposal as we

found it, and that the difference in our results is only one more indication of the exist-

ence of distinct races or varieties of Myxine glutinosa. \i is clear that the pancreatic

lobules represent outgrowths of the bile duct, and are hence, at least originally, in free

communication with it. It seems therefore that the absence of the efferent channels in

my material indicates a retrogressive change, and that the gland is either losing the

importance it formerly possessed, or undergoing some functional modification.

Owing to the small size of the gland, and the great difficulty of satisfactorily isolating

its secretion, I do not think it possible to test the latter by biochemical methods. It would

mean dissecting it out in at least 100 specimens ; and even if this could be done in the

necessary time, one could never be certain that the extract was free from the secretion

of the liver.

H. The Thyroid Gland (Figs. 3 and 12).

In a preliminary paper (13) I briefly described the structure of the thyroid of

Myxine, under the impression that it had up to that time escaped notice. Schaffer,

however, pointed out that the Myxinoid thyroid had been described by W. Muller in

an obscure paper in 1871, and at the same time he added an account of this structure

in Myxine. I shall, therefore, now confine myself to such details as are omitted in

Schaffer's description.

As shown in fig. 1 2, which represents a transverse section through the region of the

gills, there is a column of loose fatty tissue in the middle line, wedged in between the

gills, and extending from the gut above to the cardiac aorta below. In this column of

fatty tissue are embedded the small vesicles which represent an unpaired, diffuse,

scattered thyroid, and which can be seen with the naked eye {thy.).

The thyroid at first sight does not appear to be an important organ in the adult.

In fig. 12, which in this particular series showed the maximum number of thyroid

vesicles appearing in any one section, only eight are seen, and the gland certainly does

not strike one from the point of view of size. Fortunately, however, I plotted it out

from my large series of sections, and the result is given in fig. 3. Nothing could be

more striking. The gland extends over a considerable area, both vertically and

longitudinally, and it includes in this individual 251 vesicles of all sizes and shapes.

If these were massed together into one compact gland, we should have, compared with

the size of the animal, a large and obviously important structure.
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All the vesicles are closed and have no connection with each other, and, as I pointed

out in my preliminary paper, the thyroid of Myxine in this respect resembles that

of Teleosts. Schaffer has found, exceptionally, some of the alveoli dorsal to the

oesophagus, which is contrary to my experience. In my large series of sections the

vesicles commence somewhat in advance of the first pair of gills at section 2096

(cp. the chart, fig. 3). These anterior vesicles are flattened dorso-ventrally, and are

therefore wide from side to side, and although the wall consists of the usual thyroid

epithelium, only a very slight cavity and contents were observable in the sections. In

fact, the anterior vesicles are difficult to find, and can hardly be important functionally.

They are closely attached to the thick tough membrane which here binds together the

copulo-copularis and perpendicular muscles and the two chondroidal bars, and they are

situated immediately over the superior chondroidal bar. The most posterior vesicles do

not extend much behind the origin of the last afferent branchial artery, and not so far

back as the posterior border of the last gill. At this point the gut becomes deeper

dorso-ventrally, and descends to enter the anterior coelom.

The form and size of the vesicles vary enormously, although most of them are

small and circular or oval. In the specimen figured the large and irregular vesicles

were confined to the ventral region of the thyroid area, but this may not apply to all

cases. Schaffer does not appear to have realised the true form of the alveoli, having

evidently only studied detached sections without reconstructing entire alveoli.

Admirable preparations illustrating the histology of the thyroid may be obtained by

intra-vitam injection of the fixative from the heart. I have used mostly Mann's picro-

corrosive-formalin. This travels through the vessels with great rapidity—much faster

than any coloured injection medium, and the whole animal is fixed throughout in a

fraction of a minute, as can be demonstrated by opening up the body in various places

immediately afterwards. I find the best stain for Myxine tissues generally is iron alum

hsematoxylin, followed by eosin.

The wall of the thyroid vesicles consists of a single layer of epithelium, in average

cases about 20 m high. This may be quite flat and simple in structure, or the cells

may be fairly tall and with well-marked intra-cellular contents. Generally they ex-

hibit a well-marked resemblance to the thyroid vesicles of other vertebrates. There

is, as in man, no basement membrane sensu stricto. It is true the vesicles are enclosed

in a sheath, but this is formed by, and belongs to, the surrounding connective tissues.

That it is no part of the vesicle is well seen where two vesicles are in close contact.

The supposed basement membrane passes across from one vesicle to the other, leaving

the contiguous surfaces bare. Or in those cases where a vesicle is closely opposed to

the ventral wall of the gut, it will be noticed that the abutting surface of the vesicle is

without a membrane.

The histology of the thyroid cell varies very greatly according to its condition of

activity. The nuclei are well marked and vesicular. There is a distinct nuclear mem-
brane, and a reticulum with a somewhat dotted chromatic material and nucleoli. Apart
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from the nucleus, the contents of the cell vary considerably, not only in appearance but in

staining reactions. Sometimes we can distinguish intra-cellular bodies of two kinds, which

may, however, both occur in the same cell. First, there are large waxy bodies, which

vary in consistency, and lie in a clear area or vacuole. In their early (?) stages these

stain faintly with eosin and iron hajmatoxylin. Then there are the smaller spherical

bodies, which may be very numerous and variable in size, and appear to resemble the

zymogen granules of other secreting cells. They stain intensely with iron hsematoxylin

and eosin. The former have been described by Schaffer, but they are not invariably

present, whilst the latter he does not mention. In some cases where these two intra-

cellular products are extremely developed, the nuclei are indistinct, and only stain

faintly. There are many indications that the larger intra-cellular bodies are formed by

the fusion of the smaller ones.

When there is a single large intra-cellular product present it lies, as a rule, either on

the peripheral or the central side of the nucleus. Schaffer states that it occurs only

rarely at the peripheral end of the cell, but this statement appears to be based on the

examination of an insufficient number of individuals, since it may be found more often

peripherally than centrally, and in some cases I have found it almost exclusively on

the outer side. In a few cases there are two products in one cell, which may be either

together central or external to the nucleus, or separated, with the nucleus crushed

between them. These products in isolated cases may be extruded bodily from the

cell into the cavity of the vesicle.

Schaffer figures one condition which I have not seen, although I do not on that

account question the accuracy of his observation. Here the nucleus is pushed to the

periphery of the cell, and is greatly compressed from side to side so as to assume a rod-

like form, whilst the central portion of the cell is occupied by a large, oval, feebly

staining secretion product, surrounded by a sheath or " theca."

The contents of the vesicles are again very variable. Usually they appear quite

empty in the sections. Occasionally one finds a coagulated substance of a granular

appearance, and only very rarely, as Schaffer also finds, is there present the colloidal

substance so characteristic of the thyroid vesicles of higher vertebrates.

The thyroid of Myxine was first described by W. Muller in 1871 (43) in the

following words :
" Dagegen ist mir der Nachweis des Organs in der Classe der Cyklosto-

men bei Myxine glutinosa gelungen, welcher die Schilddriise bisher allgemein abge-

sprochen worden ist. Sie liegt hier in der fettreichen Bindegewebslamelle, welche sich

von der Ventralfiache des (Esophagus zur oberen Flache des Kiemenarterienstammes in

dessen ganzer Ausdehnung erstreckt und besteht aus einer ziemlich betrachtlichen Zahl

theils zerstreut liegender isolirter, theils zu kleinen Gruppen von 2-5 vereinigter rings

geschlossener Follikel, Letztere sind theils von kugeliger, theils von ellipsoidischer

Gestalt, der Durchmesser der ersteren schwankt zwischen 0,1 und 0,25 der Liingen-

durchmesser dur letzteren erhebt sich bis zu 0,4. Sie bestehen aus einer dlinnen Mem-
brana propria und dieser aufsitzendem einschichtigem Epithel. Die Zellen des letzteren
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sind theils cubisch, 0,008 im Durchmesser, theils cylindrisch, 0,012 hoch, 0,008 breit,

sammtlich mit Kernen von durchschnittlich 0,006 und 1-2 Kernkcirperchen und sehr

zartem, feinkornigem Protoplasmakorper versehen. Das Epithel umschliesst eine scharf

begrenzte rait klarer, farbloser Fliissigkeit gefiillte Hohle." This description, though

brief, admits of no doubt as to Muller having seen the thyroid of Myxine. The same

writer a year later* describes the thyroid of the adult lamprey as extending below the

longitudinal " tongue " muscle from the second to the fourth pair of gill sacs.

The development of the Myxinoid thyroid has been studied by Stockard in

Bdellostoma (5S). He finds that it arises as a median, unpaired " downpushing from

the ventral floor of the pharynx throughout the entire gill area." This forms a long

trough with a restricted lumen, which subsequently becomes separated from the gut,

and breaks up to form the isolated vesicles of the adult. " The chief point of interest

shown by the trough-like thyroid anlage is the very extensive gut area from which it

is derived ; in no other vertebrate does the thyroid evagination from the pharynx run

through so relatively long an area "
(p. 95). " It will now be clearly seen that although

ihe adult condition of the thyroid in Myxinoids and Teleosts are readily comparable,

the developmental processes through which the ends are reached seem widely different

"

(pp. 97-8). Judging from the recent work of Ferguson and Gudernatsch, the thyroid

is a remarkably uniform structure throughout the Chordate series.

J. Cloaca (Fig. 5).

The cloacal aperture is an elongated longitudinal slit compressed from side to side,

9 mm. long in a 36-cm. Hag, and 4|- cm. from the extremity of the tail. The anatomy

of the cloacal region was first fully described by R. H. Burne (12). If an incision be

made from the anterior extremity of the cloacal aperture and continued a short distance

along the rectum, and the walls pinned out, it will be noted that the anus (an.) opens

into the cloaca (cl.) anteriorly and ventrally by a larger puckered aperture. The roof

of the rectum [an.') is continued backwards across the cloaca at the sides, but not at

the middle line, and thus the cloaca is divided imperfectly into a dorsal and a ventral

chamber. Both chambers bear folds. In the one case they are continued backwards

from the margin of the genital pore, and in the other they are the direct continuations

of the rectal folds. The ventral chamber receives the anus, as already mentioned.

Into the dorsal chamber there opens in front, and of course dorsal to the anus, the

single, conspicuous, round abdominal pore, or porus genitalis (p.g.), surrounded by a

thick fibrous band {p.g.'). This pore was first described by A. M. C. Ddmeril in 1807,

in Myxine, and afterwards by J. Mijller. From the porus genitalis there passes back-

wards right to the posterior end of the cloaca a narrow but obvious median dorsal ridge.

Somewhat in front of the middle of this ridge there is a thickening, the urinary papilla

{ur.pp.), and an examination of this thickening with a lens reveals two small

* Jena. Zeits., Bd. vii., 1872.
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asymmetrical openings—the apertures of the segmental ducts (s.d.) The left seems to

be the larger, and is certainly anterior to the right. There thus appears to be in

Myxine, in this dorsal cloacal chamber, a representative of the distinct and undoubted

urogenital sinus of the lamprey, but Burne argues with much reason " that the uro-

genital sinus of the lampreys is absent in the Myxinoids, and that in the latter the anus,

' porus genitalis,' and ureters open into an integumentary cloacal chamber, similar to the

cloacal chamber common to anus and uro-genital sinus in the lamprey "
(12, pp. 494-5).

According to Burne, the porus genitalis is surrounded by a large diffuse gland, the

histology of which is said to make it highly probable, in spite of its deep position, that

it represents modified lateral slime glands. As v/ill be seen on reference to fig. 5,

the slime glands {s.s.) are apparently absent from the two myotomes (89, 90) of the

cloacal region, and when it is remembered that the supposed genital pore gland

completes the only break in this linear series, and that the true slime glands immediately

posterior to it are also largely covered by the caudal muscles (cp. Part II., fig. 4), this

conclusion receives some support. The gland is stated to have several openings in the

neighbourhood of the margin of the pore. Its function may be, as Burne suggests,

either to lubricate the pore during oviposition, or to occlude it by a waxy secretion,

and thus prevent access of foreign matter to the abdominal cavity. These suggestions,

however, disregard differences which should exist in relation to sex, and also the fact

that the genital pore is closed by the action of the sphincter cloaca\ I shall discuss

the alleged anal slime gland in a subsequent passage.

The hind-gut has only a short course. It is easily distinguished from the mid-gut

by its sharp, acute, and somewhat irregular folds, which have no lymphoid packing,

and are similar to those of the fore-gut in having an epithelial investment of several

layers of cells. The lining of the cloaca even more resembles the epithelium of the

outer skin.

I have already drawn attention (cp. Part I., p. 786) to the thin sheet of cartilage

described by Ayers and Jackson in the wall of the cloaca of Bdellostoma. I have

described in the section on the gut the only representative of cartilaginous tissue which

occurs in the cloacal region of Myxine.

An original figure of the cloacal region and tail of Myxine glutinosa is given by

Goodrich in his masterly treatise on Fishes in Lankester's Zoology (p. 33).

Since the above was written I have made and examined serial sections of the cloaca

of a 19-cm. and a 25-cm. Hag. In both cases the segmental duct expanded posteriorly

into a kind of sinus. From this expansion, which ends blindly behind, there is given

off internally another and terminal duct,* which at once bends mesially, dips urider

the sphincter cloacae, and, passing downwards and backwards, opens at the urinary

papilla as above described. Now the place where this terminal duct is given off

coincides precisely with the boundary between the mid- and hind-guts, and it is

therefore highly interesting to note : ( 1 ) that the lining of the segmental duct consists

* A somewliat similar condition is figured by Burne in Bdellostoma.
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of a single layer of cells, but that of the terminal duct of many layers of cells
; (2)

that the two epithelia bevel into each other exactly as they do at the mid- and

hind-gut boundary (cp. description of gut) ; and (3) that the glassy and granular

mucous cells characteristic of the epidermis may occur at any part of the terminal

duct. In the 19 -cm. Hag the two terminal ducts open separately and symmetrically,

but in the 25-cm. specimen the openings were asymmetrical, as already described in

the mature animal. It seems natural to conclude that the segmental duct terminates

at the anterior border of the constrictor cloacae in the sinus-like swelling, and that the

terminal duct is simply an integumentary (epidermal) pocket. It must, however, not

be forgotten that on similar grounds we should have to regard the whole of the

pharyngeal gut as epidermal, and this we know to be contrary to fact.

In one respect the description given above is directly contrary to the following

statement by Burne. He says :
" Now in the adult myxinoid the ureters do not

imperceptibly pass into the cloacal chamber, as they do into the urogenital sinus of

the lamprey, but open upon a raised papilla ; upon the margin of the ureteric opening,

the epithelium changes its character—inside, it is sirmlar to that lining the rest

of the ureter; outside, it is epidermic'' [italics m.ine].

In the transverse sections of the 19-cm. Hag the rectum fuses ventrally with the

abdominal wall at the anterior ventral margin of the sphincter cloacae, and further

back the whole fuses with the skin at the boundary between mid- and hind-guts.

The gut is now connected with the roof of the abdominal cavity by the deep median

dorsal mesentery. Then the striated sphincter cloacas rises round and over the roof

of the gut and splits the body cavity into two portions, placed one over the other, and

each divided by a median vertical partition— the posterior continuation of the

mesentery. The dorsal pair of cavities soon die away, the left one first. The ventral

pair one naturally expected to open posteriorly at the genital pore. The median

mesenteric partition, first of all, becomes imperfect ventrally, but the dorsal portion

remains suspended from the roof of the cavity almost to its posterior extremity. The

cavity becomes narrowed and surrounded by a dense cellular connective tissue, which

finally fuses with the upper section of the cloaca, but the lumen ends blindly ivithout

opening anywhere. There was, therefore, no porus genitalis in this specimen, nor the

slightest trace of the anal slime sac described by Burne. In the series of longitudinal

sections of the 25-cm. Hag the constrictor cloacae does not partition the body cavity

as above described, but passes entirely above it. The posterior blind extremity of the

body cavity bends downwards and backwards, and approaches a blind epidermal cloacal

pocket. The two are separated by a plug of cellular connective tissue. A close

examination of this plug reveals phagocytic operations in its central core, and there is

no doubt that in this specimen the genital pore was in the act of breaking through.

This, of course, may happen at diff"erent sizes according to sex and conditions of

maturity. In this example also there were no signs of the anal slime sac. Hence the

genital or abdominal pore of Myxine is to be found only in the mature animal. It
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should be noted that the constrictor cloacae, by enclosing the anus, genital pore, and

segmental ducts, will occlude all three at the same time.

To add a still further note to the above, 1 have now, by the courtesy of Mr E. H.

BuRNE, examined his sections of the cloaca of Myxine. I find in the ureter that

the change from the single- to the many-layered epithelium occurs precisely as in my
own sections. The statement by Mr Burne, quoted above, that the epithelium changes

at the margin of the ureteric opening, is therefore incorrect. The only difference of

importance is that in Mr Burne's sections I find no glassy or granular mucous cells in

the terminal duct. These are, however, not numerous in my sections, and they may,

of course, disappear in the adult. With regard to the anal slime sac, Mr Burne has

been somewhat, and naturally, misled by not having examined sections of younger

material. The structure in question is undoubtedly what I have called above the

dorsal chamber of the cloaca, into which the genital pore opens, and the " semicircle

of openings " of the anal slime sac are simply the spaces between the folds into which

the lining of the cloaca generally is thrown. The dorsal chamber is naturally present

in my sections ; but, although it is crowded with the glassy and granular mucous cells,

it never occurred to me to identify it with Mr Burne's anal slime sac, since these cells

occur just as numerously in another region of the cloaca. I can, however, confirm

Mr Burne in one important respect, i.e. in the presence of the peculiar thread cells

in the dorsal chamber of the cloaca which are found elsewhere only in the lateral slime

sacs of the skin. Also the epithelium is crowded with the glassy raucous cells, but

there are no granular cells. In my preparations there are numerous granular cells,

but no thread cells. The slime sac character of the dorsal chamber of the cloaca

therefore develops late, and there is little doubt that the thread cells are produced by

modification of the granular cells. There is no occasion to conclude that the dorsal

chamber is a modified slime gland or glands. The whole skin produces glassy mucous

cells and thread cells of a type, as shown by G. Retzius, and the fact that the

slime sac characters have not been fully assumed in a 25-cm. Hag would indicate that

the conversion of the dorsal chamber of the cloaca into a kind of slime sac is a new and

independent feature.
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L. EXPLANATION OF PLATES.

Rbpbrbnce Letters.

an.

a.p.v.

a.s.

b.d.

anus

two

a.d.p. Anterior arch of the dental plate.

a.h.d. Anterior hepatic duct.

a.h.v. Anterior hepatic vein.

a.l.l. Anterior lobe of the liver.

an. Anus.

Posterior extremity of roof of

partially dividing cloaca into

chambers.

Anterior portal vein.

"Aquseductus Sylvii," or forward

prolongation of the mesencephalic

ventricle.

Bile duct.

b.g. Biliary gland or "pancreas."

h.o. Bulbus olfactorius.

b.p. Pad of soft pseudo-cartilage at the

anterior end of the anterior segment

of the basal plate.

b.p.^~^ Anterior, middle, and posterior segments

of the basal plate.

br.a.^ "First branchial arch."

br.a."^ " Second branchial arch."

7 // T^. •, f external branchial apertures.
or.ap. Right J

br.cl. Branchial cloaca.

c.ao. Ventral or cardiac aorta.

c.b.c' Paired anterior limb of the M. con-

strictor branchiarum et cardise.

Second loop of the same muscle.

Third loop of the same muscle at the

bend (cp. Part II., fig. 2).

Cornual cartilage.

c.b.c.

c.b.c."

e.c.

c.e.

e.e.'

c.e."

c.g.p.

c.g.p.

c.g.p."

c.g.s.

c.g.s.'

c.g.if."

c.h.

cl.

coe.a.

cp.'

c.p."

cp.'"

ep.c.

e.pl.

cp.t.c.

cp.t.c'

cp.t.c."

c.p.v.

c.q.p.

c.q.s.

d.m.

of the M.
moidalis.

copulo - eth-

TRANS. ROY. SOC. EDIN., VOL. XLIX. PART II. (NO. 3).

External head ^

Internal head

Fused external

and internal

heads

Tendon of the M. copulo-glossus

profundus, the protractor muscle of

the dental plate.

Lateral head ) of the M. copulo-glossus

Median head J profundus.

M. copulo-glossus superficialis.

Median slip of tendon of above to

ventral skin.

Lateral slip of same tendon.

M. cranio-hyoideus.

Cloaca.

Coeliac artery.

I M. constrictor pharyngis—first, second,

j
and third divisions.

M. copulo-copularis.

M. copulo-palatinus.

Principal head

Posterior division

Aiiterior division

Common portal vein.

M. copulo-quadratus profundus.

M. copulo-quadratus superficialis.

Area of mucosa immediately behind the

dental apparatus puckered by tne

withdrawal of the latter. It flattens

out when the teeth are protruded.

44

of the M. copulo-ten-

taculo-coroDarius.
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d.^esxt.

d.t.

d.t:

e.l.h.

e.l.b:

f.r.

g-b.

g.i.

h.c.g.

h.c.t/.'

h.c.g."

h.c.p.

h.g.

h.p.

h.p.'

h.p."

hy.

hyp.

i.b.p.'

i.c.b.

Lib.

i.l.c.

inf.

int.

I.l.c.

l.lg.

l.lg."

l.lg."

l.p.

l.p.c.

mc.

m.e.

mes.

mes.'

Ductus oesophago-cutaneus.

Median dorsal tooth.

Curved median bar of soft pseudo-

cartilage, containing nodules of true

(soft) cartilage, arising from the base

of the median dorsal tooth, and curving

backwards round the anterior margin

of the palatine commissure to be

attached to the posterior extremity of

the subnasal bar.

External bar of the anterior segment of

the basal plate.

External lateral velar bar.

Short rod of soft cartilage connecting

e.l.b. with the posterior extremity of

the inferior process of the '' pterygo-

quadrate."

The four fenestrse of the skull.

The so-called "fin rays" composed of

soft cartilage.

Gall bladder.

Gill lamella.

M. hyo-copulo-glossus.

Anterior end of "tendon " of h.c.g.

"Tether" of /(.C.J7.

M. hyo-copulo palatinus.

Habenular ganglion of the diencephalon.

The shaded portion is the pineal organ.

Hypophysial plate.

Rod connecting h.p. with the posterior

transverse bar of the nasal capsule.

Hypophysial plate + the fused rod h.p.'

" Hyoid " arch.

Hypophysis cerebri.

Internal bar of the anterior segment of

the basal plate.

Inferior chondroidal bar.

Internal lateral velar bar.

Inferior lateral cartilage.

Infundibuliim cerebri.

Intestine or mid-^ut.

Lateral "labial" cartilage.

M. longitudinalis linguae,

Peripheral tendon ) j. , ,

Central tendon. )

Lateral plate of the nasal capsule.

Large left posterior cardinal vein.

Mesocoble, or mesencephalic ventricle.

Mesencephalon.

Median dorsal mesentery.

Ventral fusion of rectum with body wall

forming a rudimentary median ventral

mesentery.

mes.

mt.e.

mth.

n.a.

na.ph.

nas.

n.c.

n.r.8

nt.

n.th.

o.a.

obi.

oes.

o.l.

par.

pc.

p.d.p.

p.e.

p.e.p.

p.e.s.

p-g-

p-g'

p.h.

p.h.d.

p.h.v.

pi.

pl.c.

pl.c!

pi. cm.

p.l.l.

pn.

pp.

p.q.

p.t.v.b.

p.v.

q.p.

q.p.'

red.

r.intest.X.

r.p.c.

s.ao.

s.d.

s i.v.

s.l.c.

sn.b.

sp.

sjy.cd.

sp.slc.

Oblique dorso-posterior extension of

above fusion.

Metencephalon.

Mouth.

External opening of the nasal tube.

Naso-pharyngeal or hypophysial tube.

M. nasalis.

Nasal capsule.

, Eighth ring of the nasal tube (cp. Part

HI., fig. 1).

Chorda dorsalis.

Nasal lube.

Oral aperture.

M. obliquus.

"Oesophagus," or properly the pharyn-

geal gut.

Olfactory lamina.

M. parietalis, forming the myotomes.

" Parachordal " cartilage.

Posterior arch of the dental plate.

Prosencephalon.

M. palato-ethmoidalis profundus.

M. palato-ethmoidalis superficialis.

Porus genitalis (abdominal pore).

Thickened fibrous band surrounding the

porus genitalis.

Portal heart.

Posterior hepatic duct.

Posterior hepatic vein.

"Palatine" bar.

External head ) of the M. palato-cor-

Internal head / onarius.

" Palatine " commissui-e.

Posterior lobe of the liver.

Pronephros.

M. perpendicularis.

" Pterygo-quadrate."

Posterior transverse velar bar.

Portal or supra-intestinal vein,

M. quadrato-palatinus.

Tendon of g.p.

M. rectus.

R. intestinalis vagi.

Smaller right posterior cardinal vein.

Dorsal or systemic aorta.

Segmental duct.

Sub-intestinal vein.

Superior lateral cartilage.

Subnasal bar.

Spermatic portion of the hermaphrodite

gonad.

Spinal cord.

Suprapharyngeal skeleton.
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sp.sk: Anterior ) ^^^^necting processes of sp.sl:

sp.sfc" Median. )

ss. Slime sacs—numbered from before back-

wards.

sy. "Sympathetic" nerve, formed by the

fusion of the two RR. iutestinales vagi.

thy. Thyroid vesicle.

t.o. M. transversus oris.

t.p. M. tentacularis posterior.

tr. "Trabecula."

ur.pp. Urinary papilla and apertures

vel. Pharyngeal velum.

v.q. Ventral division

v.q.' Middle division

v.q." Dorsal division

v.qt. Ventriculus quartus

v.s. M. velo-spinalis.

of the M. velo-quad-

ratus.

Plate I.

Fig. L Median vertical longitudinal section of a 26-|-cm. Hag. x 8^. The drawing is necessarily based

on the study of a number of sections immediately about the median plane, and was originally sketched out

with Edinger's projection apparatus. Care has been taken to make it as accurate as possible. Visceral

cavities, shaded ; vascular spaces, red ; hard and soft cartilage, green
;
pseudo-cartilage, obliquely striated.

The tentacles and nasal rings are numbered from before backwards, and the isolated spaces in the anterior

portion of the brain represent vestiges of the ventricular system.

Fig. 2. Reconstruction from serial sections of the branchial apparatus of a 25-cm. Hag, seen from the

ventral surface, x 9|. The sliape of the third pair of gills is somewhat exaggerated owing to the fact

that the specimen had to be cut into three pieces to get it into the microtome, and one of the two breaks

was through this region. Gills, afferent and efferent ducts, and the external branchial apertures displayed

laterally, in order that all may be shown, but the position of all the structures in the longitudinal plane is, of

course, correctly indicated. Outer and inner surfaces of gills not differentiated. Ventral or cardiac aorta,

red. Afferent and efferent gill ducts numbered from before backwards.

Plate II.

Fig. 3. Reconstruction of the detached vesicules (251 in number) forming the thyroid gland of a 25-cm.

Hag, viewed laterally from the left side. x 11. For the reason mentioned above, the length of vesicle* is

somewhat exaggerated, which explains also the gap between sections 2560 and 2600. A few of the alveoli

are represented displaced vertically for the sake of clearness, but only occasionally do the vesicles overlap in

the transverse plane. Similarly the club-shaped muscle has been slightly depressed, so as not to overlap the

anterior vesicles. Afferent gill ducts numbered from before backwards. Cardiac aorta, red ; and afferent

branchial arteries shown cut off short.

Fig. 4. Dissection from the ventral surface of the portal heart, gall bladder, and adjacent region of a 38-cm.

Hag. X 3. The two lobes of the liver, with the gall bladder, have been turned to the left and pinned down.

Hepatic ligament and cystic peritoneum (together with the proximal portion of the cystic vein) removed.

Intestine displaced slightly to the right. Heart removed. Arteries, cross-striated.

Fig. 5. Dissection from the right side of the cloacal region of a 37-cm. Hag. x 4. Myotomes and slime

sacs numbered from before backwards, the former being also partly cut aM'ay. Segmental duct dissected clear

and displaced dorsally. Sphincter cloacse, and right wall of cloaca, body cavity, and abdominal pore removed.

Plate III.

Fig. 6. Simplified diagrammatic horizontal section of the Myxinoid gill. x 17. The number of gill

lamellae is greater than that shown. The upper part of the section represents the appearance of a tangential

section, the lower part that of a central section. Afferent arteries, blue ; efferent arteries, red ; water spaces,

shaded.

Fig. 7. Section number 240 of the large series of a 25-cm. Hag. x 12^. This set of five sections

is intended to illustrate the relations of the anterior region of the gut. All were drawn with Edinger's

projection apparatus. As regards the skeleton, the sections should be compared with the charts accompanying

Part III. of this work. Muscles indicated by circles ; vascular spaces of whatever character, red ; cartilage,

green
;
pseudo-cartilage, obliquely striated ; cavity of mouth and nasal tube, shaded.
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Fig. 8. Section immher 390. x 12^. Colours, etc., as above. The section passes through the anterior

process of the hypophysial plate, and through the anterior region of the anterior arch of the dental plate.

The numbers refer to the outer row of the ventral teeth— 1, 1', 2, 3 = the anterior and posterior cusps of

tooth 1, and teeth 2 and 3.

Fig. 9. Section number 510. x 14. Colours, etc., as above. The section passes through the thalamus

of the brain immediately in front of the infundibulum—-in fact, a small portion of the infundibular cavity

appears in the section. The third, fourth, and fifth teeth of the inner row of ventral teeth, and the

sixth, seventh, and eighth teeth of the outer row, are indicated by numbers. Cavity of naso-pharyngeal

(liypophysial) tube, shaded.

Plate IV.

Fig. 10. Section number 720. x 10. Colours, etc., as above. The section passes through the pharynx

after the latter has been joined by the naso-pharyngeal tube with its lateral diverticula and also through

the base of the velum or pharyngeal valve which projects boldly into the pharyngeal cavity.

Fig. 11. Section number 840. x 9^. Colours, etc., as above. The section passes through the velum

or pharyngeal valve just anterior to the anterior transverse velar bar (cp. Part I., fig. 16, and Part III.,

fig. 2), and illustrates the relation of the valve to the cavity of the oesophagus, and also the relative

position of the "branchial" arches.

Fig. 12. Section number 2680. x 10. Colours, etc., as above. Eff'erent gill ducts numbered from

before backwards. An afferent branchial artery is shown entering the third gill on the right side,

and an efferent branchial artery leaving the fourth gill on the left side. The section passes through practically

the centre of the gill region (cp. fig. 2), and is intended to illustrate the topographical relations of the

thyroid vesicles.

Fig. 13. Section number 3550. x 10. Colours, etc., as above. To illustrate the relations of the

biliary apparatus generally. The figure is diagrammatic in one respect, since the whole of the bile duct

does not appear in one section. Its relations are, however, correctly shown. On the left side a dorsal

root of a spinal nerve with its ganglion are shown. On the right the section shaves the efferent duct

of the thirty-fifth slime sac (counting from before backwards).
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IV.—On the Skulls of Antarctic Seals: Scottish National Antarctic Expedition.

By William S. Bruce, LL.D., Director of the Scottish Oceanographical Labora-

tory. (With Five Plates.)

(MS. received March 13, 1913. Read May 5, 1913. Issued separately June 27, 1913.)

Although the osteology of Antarctic seals has been very completely discussed,

notably by the late Dr J. E. Gkay, Sir William Turner, and Professor Robert

Thomson, yet the literature regarding the subject is somewhat scattered. I have

therefore considered that it might be important from the point of view, as it were, of

an index to publish a complete series of photographs of a set of the skulls of seals

taken by the naturalists of the Scotia during the Antarctic voyage of 1902-1904.

The species considered are :

—

1. Leptonychotes Weddelli (Gill) : The Weddell Seal.

2. Stenor/iynchus lejdonyx (F. Cuvier) : The Sea-leopard.

3. Lohodon carcinoj)haga (Gray) : The Crab Eater, or White Antarctic Seal.

4. OmmatopJwca Rossi (Gray) : The Ross Seal.

5. Otaria jvhata (Forster) : The Patagonian Sea-lion.

The type collection of the seals' skulls taken by the Scotia naturalists are chieHy

housed in the Anatomical Museum of the University of Edinburgh, and in the Scottish

Oceanographical Laboratory ; those housed in the Anatomical Museum of the Uni-

versity of Edinburgh have been duly recorded in Sir William Turner's excellent

descriptive catalogue entitled Marine Mammals in the Anatom,ical Museum of the

University of Edinburgh ; while Professor Robert Thomson, of Cape Town Uni-

versity, has contributed a paper to the Transactions of the Royal Society of Edinburgh

entitled " Osteology of Antarctic Seals," which also appears in the Scientific Reports

of the Voyage of S. Y. " Scotia," volume iv.

Beyond this it is unnecessary to say more at the present time, except to refer to

the plates published herewith. It will be observed that the skulls of the species of

each seal are shown from every possible aspect :

—

From (
i
) The posterior aspect.

(2) The anterior aspect.

(3) The lateral aspect.

(4) The inferior aspect without the lower jaw.

(5) The inferior aspect with the lower jaw.

(5a) The superior aspect of the lower jaw.

(6) The superior aspect.
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The figures speak for themselves, and, as already stated, are intended to be an

index for the use of museums and for the use of naturalists exploring in Antarctic and

Subantarctic Regions.

1 have considered the measurements and weights of Antarctic seals in the flesh in a

separate paper ; the anatomy of the Weddell Seals taken by the Scotia has been fully

considered by Professor David Hepburn and Dr Harold Axel Haig ; while Dr R. N.

RuDMOSE Brown has dealt with " The Habits and Distribution of the Seals of the

Weddell Sea."*

* Vide Scie7itific Reports of the Voyage of S.Y. "Scotia," vol. iv., parts ii., iii., v., vi., ix., x., xi., xii., and xiii.
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V.—Polychseta of the Families Serpulidae and Sabellidae, collected by the Scottish

National Antarctic Expedition. By Helen L. M, Pixell, B.Sc, F.Z.S.,

Demonstrator of Zoology and Reid Fellow, Bedford College, University

of London. Communicated by Dr J. H. Ashworth. (With One Plate.)

(MS. received January 22, 1913. Read February 17, 1913. Issued separately June 24, 1913.)

For the opportunity of examining these specimens I am indebted to Dr W. S.

Bruce, the leader of the Scottish National Antarctic Expedition, 1902-1904. I should

like to take this opportunity of expressing my thanks to him, and also to Dr Marett

Tims for his assistance during the preparation of the paper.

The following is a list of the ten species, of which four are new. Eight different

genera are represented :

—

Family Serpulidae.

Serpula vermicularis Linnaeus, from various stations (see p. 348).

Apomatus hroivnii n. sp.. Station 417, lat. 71° 22' S., long. 16° 34' W., 1410 fathoms.

Salmacina dystevi (Huxley), Station 461, Gough Island, lat, 40° 20' S., long.

9° 56' 30" W., 100 fathoms.

Spirorhis antarcticus n. sp.. Station 325, Scotia Bay, South Orkneys, lat.

60° 43' 42" S., long. 44° 38' 33" W., 10 fathoms.

,, patagonicus Caullery and Mesnil, Station 478, Table Bay, Cape Town
;

also Station 118, Port Stanley, 4 to 5 fathoms.

,, falklandicus u. sp., Station 118, Port Stanley, Falkland Islands, 4 to 5

fathoms.

Family Sabellid.<e.

1. Dusychone violacea (Schmarda), Station 478, Table Bay, S. Africa, shallow water.

2. Eurato melanostigma (Schmarda), Station 24, Cape Verde Islands, shore.

3. Potamilla antm'ctica Giayiev, Station 349, Tussock Island, Falkland Islands, shore.

4. Potamis scotix n. sp.. Station 417, lat. 71° 22' S., long. 16° 34' W., 1410

fathoms.

Family Serpulid^.

Genus Serpula.

Generic characteristics :

—

1. Collar-setse of bayonet-shape, with spines at base of blade.

2. Operculum funnel-shaped, with numerous radii ending in serrations on margin.

3. Uncini with only a few teeth.
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Serpula vermicularis Linnseus, 1767.

For synonyms see MoRCH (14, p. 381), Saint-Joseph (16, p. 328), Ehlers (5, p. 219)

and Fauvel (6, p. 691).

Specific characteristics :

—

1. Collar-setae with generally two large blunt processes at base of blade.

2. Uncini generally have five teeth—there may be four, six, or seven.

3. Branchiae (twenty to thirty-two pairs) long, with numerous pinnae and bare

filamentous extremities.

4. Serrations on operculum vary very much in number—there may be as

many as a hundred.

5. Maximum length recorded 50 mm., with 157 segments.

Localities.—^tSiiion 325, Scotia Bay, South Orkneys, lat. 60° 42' 43'' S., long.

44° 38' 33" W.; Station 346, Burdwood Bank, lat. 54" 25' S., long. 57° 32' W.,

56 fathoms ; Station 478, Table Bay, shore; Station 461, Gough Island. Part of a

colony, with several specimens having intertwined tubes, was taken in a trap in

MacDougal Bay, South Orkneys.

These tubes are cylindrical with trumpet-like ends, as described by M'Intosh

(12, p. 516) for S. narconensis Baird. I fully agree with Ehlers (5, p. 219) that this

species is synonymous with S. vermicularis ; the specimens show a considerable

amount of variation, as is usual in this species, but there seem to be no points of

difi"erence having specific value.

There is one specimen only from Station 478, Table Bay, May 1904, with its tube

adhering for its whole length to the shell of Mytilus. This tube is triangular in

section, with a very distinct median ridge ending in a point overhanging the mouth.

Three tubes from Burdwood Bank, taken in the trawl in 56 fathoms, December 1905,

Station 346, are solitary, almost cylindrical, but enlarge very gradually towards the

anterior end, where there is a distinctly everted peristome. The tubes are ringed with

former peristomes at intervals, showing successive zones of growth. They have no

doubt been attached to some substratum, for a part of their length, and are more or less

overgrown with a bryozoon. The largest, though incomplete posteriorly, is 70 mm.
long and 4 mm. in diameter across the peristome. One of the smaller ones contained an

animal 25 mm. long, having an operculum with thirty-two serrations, and gills with bare

terminal ends intermediate in length between those from Scotia Bay and Table Bay.

Fig. 1, a and h, shows the variation amongst the collar-setae of a single fascicle : the

former having the typical two processes ; the latter, four almost equally large ones.

All the specimens are between 2 and 3 cm. in length, and have seventy to eighty

segments. Their opercula have thirty-two to forty-one serrations, and their uncini

generally six or seven teeth. The branchiae (twenty-two to twenty-eight pairs) have

in some cases very long bare terminal ends measuring quite 1 mm., instead of the more

usual "48 mm. according to Saint-Joseph (16, p. 330).
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The few specimens from Gough Island have less than thirty-two serrations to their

opercula, but it seems that they are quite young.

Genus Apomatus Philippi, 1 844.

Generic characteristics :

—

1. Operculum globular, terminating a gill retaining its pinnse.

2. Some of the thoracic setse are bladed sickles (setae of Apomatus).

3. Terminal dorsal gland present.

Apomatus hroivnii n. sp.

Specific characteristics :

—

1

.

Collar-setse with small fin at base of blade ; fig. 2, a.

2. Uncini begin on the second thoracic segment, and have only seven or eight

teeth ; fig. 2, d and e.

3. Abdominal setse sickle-shaped ; fig. 2, c.

Five specimens, more or less incomplete, from Station 417, lat. 71° 22' S., long.

16° 34' W., trawled at a depth of 1410 fathoms, 18th March 1904.

This form differs from all other previously described species of the genus in the

characteristics 1 and 2 above, i.e. in the shape of the collar-setse and the uncini.

There is, however, complete agreement with the two main generic characteristics (1 and

2 above) as given by Saint-Joseph (16, p. 373). It is to be noted that this species

comes from very deep waters.

Tubes almost cylindrical and smooth, except for inconspicuous growth lines. The

diameter of the oral aperture of the largest tube is 3*5 mm. ; 50 mm. from this is the

other aperture 175 mm., but this is probably not the real end of the tube, which

may have been attached to some substratum by a further narrower portion. Most

of the tubes have obviously been longer, but only one, the smallest, shows a scar of

attachment.

The animals were preserved in their tubes. The total length of the longest is

27 mm., and of the shortest 16 mm. ; the greatest width is 2 mm. The fifteen pairs

of branchiae are spirally coiled. They measure from 6 to 10 mm. in length, and are thin,

with long fine pinnse extending almost to the tops of the rachises.

One animal has its branchial crowns projecting from the tube, and has lost its

operculum. TVo others have lost their branchial crowns altogether. In the remaining

two, the second dorsal gill on the left or right terminates in a transparent globular

operculum. In one there is a secondary rudimentary operculum on the other side.

The collar is L mm, deep, entire ventrally, but notched laterally, and very much

folded. There are only five or six collar-setse of the characteristic form, which, with

about half a dozen ordinary capillary setse with narrow blades, make only a small

fascicle. The other thoracic fascicles contain numerous setse, comprising ordinary

narrow blades and setse of the usual Apomatus type (fig. 2, h).
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The abdomen has only a very short asetigerous region, followed by 80 to 110 narrow

segments with sickle-shaped setfe (fig. 2, c). Many of these sickles have, however,

become much straightened, owing, no doubt, to their prolonged immersion in alcohol.

The posterior setae are very elongated. The dorsal gland, generally present in the

young, is very little developed, and in two specimens appears to be wanting. There

is a deep ventral fsecal groove which turns to the right on reaching the thorax.

The uncini have only seven or eight sharp teeth (fig. 2, d and e) ; consequently, if

Saint-Joseph's classification (16, p. 263) according to the characteristics of the uncini

were rigorously adhered to, this species would have to be placed in a new genus in

Group I., with Serpula, etc., instead of in the genus Apomatus, which Saint-Joseph

includes in his Group V., which is made up of forms whose uncini have very numerous

and fine teeth.

Genus Filograna Oken, 1815.

Generic characteristics :

—

1. Tube very slender, filiform, colonial.

2. Branchiae eight.

3. Thorax with seven to nine segments.

4. Collar-setae with a large fin-like expansion at base of blade.

5. Other thoracic setae sickle-shaped (setae of Salmacina), or ordinary bladed

ones.

6. Abdominal setae more or less geniculate and serrated.

7. Hermaphrodite.

Sub-genus Salmacina Claparede, 1870 (2, p. 176).

1. No operculum.

2. The ends of the branchiae may or may not have spathulate enlargements due

to the presence of large granular cells.

Salmacina dysteri (Huxley), 1855.

Protula dysteri Huxley, 1855 (10, p. 113).

FiloporafiJograna Dalyell, 1853 (3, p. 250).

Specific characteristics :

—

1. Branchiae with spathulate enlargements containing granular masses at their

ends. Similar granules occur at the ends of the pinnae, and just in front

of their bases along the gill rachises.

2. Spermatozoa developed in segments anterior to those producing ova.

Zocoi%.—Station 461, Gough Island, lat. 40° 20' S., long. 9° 56' 30" W.,

100 fathoms. Several fairly large masses brought up by the trawl with Serpula

vermicularis, coral, etc. No specimens in process of budding were observed.
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Genus S'pirorhis Lamarck, 1801.

Characteristics of genus and sub-genera have been given in full (15, pp.

792-799).

Sub-genus Paralxospira Caullery and Mesnil (1, p. 202), emend. Pixell (15, pp. 795

and 799).

Spirorhis antarcticus n. sp.

Specific characteristics :

—

1. Collar-setae—a few small finely striated simple blades, fig, "6, c.

2. Third thoracic fascicle contains some bladed sickle-shaped setae.

3. Abdominal setae, flattened trumpets with one side produced.

4. Tube triangular in section and geneially very regularly coiled (fig. 3, a).

Locality.—Several specimens growing on fucus, dredged at Station 325, April 1903,

Scotia Bay, South Orkneys; lat. 60° 43' 42" S., long. 44° 38' 33'' W., in 9 to 10

fathoms.

The large thick tubes are almost perfectly triangular in section and very regularly

coiled to form a disc, with concave upper surface, and measuring up to 4 mm. across

(fig. 3, a). There are nearly always young tubes attached to them, one specimen bearing

as many as twelve of different sizes. In this they resemble Caullery and Mesnil's

(l, p. 203) Spirorbis aggregatvs.

The opercular plate may be flat, convex, or conical, but has in every case a thin

flattened talon. Small circular perforations occur in the calcareous plate, and through

these project small membranous projections, which are generally thorn-shaped. Though

the opercula vary so much, there is no doubt that all the variations should be included in

the same species, for there are intermediate forms between the thin, flattened plate,

which seems to be characteristic of young specimens, and the conical form. It is also

very questionable whether details as to the shape of the operculum are ever suflficiently

constant to be of much value in specific determination.

Many of the specimens are of very large size, some measuring over a centimetre in

length. There are nine long branchiae : the second on the left is transformed into the

pedicle of the operculum, and is slightly larger than the others.

This species could only be included in the sub-genus Paralwospira, provided that

the modified characteristics as suggested in a previous paper (15) be adopted for it,

owing to the fact that it differs from all previously described Paralseospira in

having simple blades for the collar-setae (fig. 3, c). These are remarkably small, and

there are only seven on each side, so that the whole fascicle is very insignificant.

The other thoracic fascicles are much larger, and the uncini are about 40 mm.
long. There are about twenty abdominal segments following a rather long aseti-

gerous region.
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Spirorhis patagonicns (Caullery and Mesnil), 1897 (I, p. 205); Ehlers, 1901

(5, p. 224).

Specific characteristics :

—

1. Talon of operculum, a prolongation of the terminal shallow funnel.

2. Collar-se-tse small, with a fin-like expansion at the base of finely serrated

blade (fig. 4, a).

3. Numerous sickle-shaped setse to 3rd thoracic segment.

4. Abdominal setae large, flattened, and trumpet-shaped.

5. Large somewhat irregularly coiled tubes.

Localities.—Several specimens on the shell of Mytilus, from Station 478, Table Bay,

Cape Town Docks, May 1904. Other specimens, with Spirorhis falldandicus, on a

stone from the shore at Station 118, Port Stanley, Falkland Islands, January 1903.

Most of the tubes are rather smaller than those described by Caullery and Mesnil.

They are generally loosely and irregularly coiled. All ages seem to be represented, and

both the young with three thoracic segments only and the adults agree with the

descriptions given by these authors.

There are apparently ten branchige, including the opercular pedicle, and about

twenty abdominal segments. The largest specimen obtained whole from its tube

measured 6 mm.

Paradexiospira Caullery and Mesnil (1, p. 195), emend. Pixell (15, p. 793).

Spirorhis falklandicus, n. sp.

1. Last thoracic segment without dorsal setae.

2. Collar-setae small, very finely serrated blades with large fin at base.

3. Operculum very similar to that of ^S". vitreus.

4. The 3rd thoracic fascicle contains bladed sickles (setae of Apomatus) (fig. 5, c).

Several specimens, with S. patagonicus, on a stone from the shore at Station 118,

Port Stanley, Falkland Islands, January 1903.

This is the first time that a species of the sub-genus Paradexiospira has been

recorded from the Southern Hemisphere. Caullery and Mesnil (1, p. 195) state that

the three species known to them, namely S. cancellatus Fabr., S. vitreus Fabr., and

S. violaceus Lev., inhabit Greenland and Iceland. S. vitreus has since been found in

the North Pacific (15, p. 793).

The tubes of Spirorhis falklandicus generally have three longitudinal ridges, the

median one sometimes ending in a projection overhanging the mouth of the tube. The

terminal part may be more or less ascending, and is rather more than 1 mm. in dia-

meter. Only about one and a half turns of the spiral can be seen from the top, and the

tube measures 3 mm. across.

Branchiae ten, the second on the right bearing the operculum, as usual. In young

specimens the operculum is almost flattened on the top, and has a massive, sometimes
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bifid, talon (fig. 5, a). In older specimens this is replaced, as in S. vitreus, by a thin

funnel-shaped one without a talon ; in one animal examined, both were present, one

inside the other, the thin funnel-shaped one having been produced before the loss of

the smaller massive one.

There is a deep collar, and the species differs from S. vitreus and all other previously

described Paradexiospira in having collar-setae with such fine serrations that it is

almost impossible to recognise any at all. I have already suggested that the character-

isation of Caullery and Mesnil's sub-genera should be made more general (15,

p. 793), and this is another instance of the necessity of such a step, for S. falk-

landicus is undoubtedly closely related to the three forms known to Caullery and

Mesnil and placed by them in the sub-genus Paradexiosfira. Of these collar-setae

there are about nine, making with a few of the usual fine capillary ones a bundle con-

siderably smaller than the other thoracic fascicles.

The uncini of the thorax are 40 to 50 mm. long, and contain about seventeen teeth
;

those of the abdomen are much smaller, being only 20 mm. long.

The abdominal setae are flattened and trumpet-shaped, with one side produced.

There seem to be twenty or more abdominal segments, but I did not succeed in

obtaining a complete specimen from a tube, the state of preservation not being good.

Family Sabellid^.

Genus Dasychone Sars, 1861.

1. Thoracic and abdominal tori with single rows of avicular crotchets.

2. Thoracic setae of one kind only.

3. Branchiae with dorsal appendices.

Dasychone violacea {^cXwaax^Q.), 1861.

Sabella violacea Schmarda (17, p. 34).

Da&ychone violacea M'Intosh (12, p. 504).

1. Dorsal appendices large and somewhat spathulate, covering an ocellus on

either side of the rachis.

2. A dark pigment spot on each side of every segment, between the fascicles of

setae and the tori.

3. Thorax of eight setigerous segments.

4. Crotchets with very fine serrations above the large fang.

Locality.—One specimen from Station 478, Table Bay, May 1904. Total length

26 mm., of which the branchiae form 8 mm. ; the width is about 4 mm., except close to

the posterior end, where it decreases rapidly. There are seventy abdominal segments.

The setae and crotchets agree entirely with those so clearly described and figured

by M'Intosh.
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It will be noticed that this specimen is smaller than those described before : it

agrees more nearly with Schmarda's specimens in having only twenty branchiae. Each

of these has seven pairs of well-formed dorsal appendices, with rudiments of others towards

the tips. The specimen was by no means fully developed, nor was it sexually mature.

No trace of colour remains, except on the gills and the pigment spots already alluded

to. The tube is also missing.

Genus Eurato Saint-Joseph, 1894 (16, p. 249).

Generic characteristics :—

-

1. Thoracic and abdominal tori with a single row of avicular crotchets.

2. Branchiae without dorsal appendices and arranged in a single series.

3. Thoracic setae all simple blades.

Eurato melanosfigma (Schmarda).

Sahella melanostigma Schmarda, 1861 (17, p. 36), from Jamaica.

1. Branchiae about half the length of the body, few in number, with short pinnae

and an interbrancliial membrane.

2. A pigment spot on each side of every segment, between the fascicles of seta3

and the tori.

3. Thorax of five setigerous segments (? always).

Several specimens from Station 24, Porte Grande, St Vincent, Cape Verde Islands.

These specimens seem to be immature, and are much smaller than Schmarda's ; but

from the latter's brief description they would seem to be the same species.

They are 5 mm. or less in length, the branchiae when intact making up nearly 2 mm.

of this ; the greatest width is about 1 mm., and the largest number of abdominal seg-

ments counted was thirty-five.

The collar has two pointed ventral lobes, but is otherwise not very high, and stops

short some distance from the mid-dorsal line.

The collar-setae have long narrow blades (fig. 6, a) ; there are only four other setiger-

ous thoracic segments, and these have slightly wider blades in addition to the long

narrow ones (fig. 6, h). The abdominal segments have the wider blades only. The

thoracic tori have about twelve avicular crotchets (fig. 6, c) ; the abdominal only seven.

The anal segment is asetigerous and very distinctly bi-lobed.

There are only seven or eight pairs of gills.

In no specimen were gonads apparent ; this immature state may account for the

small number of branchiae and thoracic segments.

One very young specimen was 2 mm. long and 1 mm, wide, only very slightly

tapered at each end, and containing eighteen setigerous segments ; all of these seemed

to have the setae ventral to the tori, i.e. to be abdominal segments, except one or two
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very small crowded segments anteriorly, in which no tori could be distinguished. The

branchial crown was represented by two small buds with four finger-like projections.

No tube was present, but to one specimen was adhering a minute portion of a

rather thin membrane, to which very small sand-grains were fixed, and this may have

been a portion of a tube.

With these also was a larger specimen (8 mm. total length), in which no pigment

spots were present, but which otherwise seemed identical with this species.

The pigment spots in Eurato (Sahella) manicata (9, p. 255) are differently

arranged.

This is apparently the first time that this species has been recorded since Schmarda

described it from Jamaica in 1861.

Genus Potamilla Malmgren, 1865 (13, pp. 401 and 402).

Generic characteristics :

—

1. Thoracic tori, double rows, consisting of avicular crotchets and pennoned

setse respectively.

2. Abdominal tori, single rows of avicular crotchets.

3. Collar present.

4. Thoracic setse of two forms—dorsally a few with simple blades, ventrally

spathulo-mucronate.

5. Abdominal setse simple blades.

6. Branchial crown not markedly spiral, and without sub-terminal eyes on

rachises.

Potamilla antarctica Gravier, 1906 (7, p. 59).

1. Branchiae seventeen pairs, with no trace of eyes, about one-fifth the length

of the body.

2. Avicular crotchets of thorax and abdomen of characteristic shape (see Gravier

(8) and (7) for figures).

Localities.—One specimen from shore pool at Station 349, Tussock Island, Falkland

Islands ; seven incomplete specimens, all of which had lost their branchial crowns, from

the shore at Station 118, Cape Pembroke, Falkland Islands.

The tubes of the latter specimens are much overgrown by a colonial tunicate.

The anterior part of the tube of the Tussock Island specimen contained numerous

larvae, 5 mm. long, and having five or six segments. The specimen in the tube was

well preserved, and was 31 mm. in length, of which the branchiae made up 6 mm.
The other specimens are, without their branchial crowns, 27 mm. long and 3 mm.

wide, and have nearly parallel sides—only a few of the terminal segments being

narrower. The thorax consists of eight setigerous segments, and the abdomen of

about fifty. The setse were in nearly every segment broken off below the blade, and
TRANS. ROY. SOC. EDIN., VOL. XLIX. PART II. (NO. 5.) 47
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it was only with considerable difficulty that any perfect ones were obtained. The

collar has small dorsal lobes, and becomes gradually higher towards the mid-ventral

line, where there is a deep fissure.

The ventral gland-shields are very distinct, separated by deep segmental fissures,

and divided in the abdominal region by a deep and narrow faecal groove, which crosses

obliquely to the right on reaching the thorax, and is continued as a very shallow groove

alons the mid-dorsal surface.

No pigment spots could be made out at the posterior end, and there is practically

no colour in the preserved animals ; only faint transverse markings could be made

out on the branchiae. In all other points there seems to be exact similarity with

Gravier's widely distributed sjDecies. At the same time, I cannot help thinking that

the variation, which he points out (8, p. 145) as existing in two of the characteristics

on which he has based his species in differentiating it from P. neglecta Malmgren and

P. incerta Lang, tends to do away with its distinctness.

Genus Potamis Ehlers, 1887(4, p. 278).

Generic characteristics :

—

1. Thoracic tori double rows : avicular crotchets with long bases and pennoned

setse respectively.

2. Abdominal tori single rows of avicular crotchets.

3. Collar present.

4. Thoracic setae of two forms—superior ones with rather wide blades, inferior

sub-spathulate.

5. Abdominal setae of two kinds—long narrow-bladed ones and short forms

with wider blades (lanceolate) (fig. 7,f).

6. Gill bases sub-involute. Branchiae without ocelli.

Potamis scotise n. sp.

1. Collar with high ventro- lateral lobes and deeply divided in the middle line.

2. Setae and crotchets of characteristic shapes (fig. 7, a-h), diff'ering in many

ways from those of P. spathiferiis Ehlers.

3. Ventral gland-shields quite distinct, divided in the abdominal region by a

wide and shallow faecal groove.

Locality.—One specimen, without its tube, taken in the trawl at Station 417,

lat. 71° 22' S., long. 16° 34' W., from a depth of 1410 fathoms.

Total length 133 mm., of which 63 mm. is made up by the branchial crown, 10 mm.

by the thorax, and 60 mm. by the abdomen. Greatest width 5 mm.

After being preserved in dilute formalin the general colour of the specimen (is

greenish-brown. The segments are clearly marked off from one another by inter-

segmental constrictions, and the setae protrude to a considerable distance.
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The thorax has eight setigerous segments, the abdomen 52 ; the posterior abdominal

seo-ments are much shorter antero-posteriorly, and rather wider than the front ones.

The gill rachises are nearly 1 mm. in diameter and very nearly cylindrical ; in some

cases they end in a small finger-like process, but the thin straggling pinnae extend at

irregular intervals nearly up to this end. There are sixteen on the left and fifteen

on the right, the four ventral ones on each side being much smaller. To the most

ventral one on each side is attached the membrane which, just below, enlarges greatly

and forms a kind of pocket on each side ; the membranes then approach one another

and join together at the posterior end of the fissure between the ventro-lateral lobes

of the collar.

From the dorsal aspect there is great resemblance to Ehlers' P. spathiferus (4,

p. 278), the collars of both species being similar.

The first segment has no torus, and its setae are of one kind only, similar to the

superior ones of the other segments (fig. 7, g).

December 23, 1912.
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EXPLANATION OF THE PLATE.

Fig. 1. Serpula vermicularis L. Collar-set?e from a single specimen to show variation: la, with the

normal two processes at base of blade ; Ih, with four nearly equal processes. x 300.

Fig. 2. Apomatus brownii n. sp. 2a, collar-seta ; 26, bladed sickle from thorax ; '2c, sickle-shaped seta

from abdomen ; '2d, thoracic uncinus ; 2e, abdominal uncinus. x 375.

Fig. 3. Spirorbis antarcticus a. sp. 3a, tube with three small ones towards its centre, xl2; 3b,

operculum, x 48 ; 3c, collar-seta, x 375.

Fig. 4. Spirurbis patagonicus CauUery and Mesnil. Collar-seta, x 375.

Fig. 5. Spirorbis falMandicus n. sp. 5a, operculum of young specimen, x 36 ; 56, collar-seta, x 375
;

be, seta of bladed sickle type, from third thoracic fascicle, x 375.

Fig. 6. Eurato melanostigma (Schmarda). 6a and 66, thoracic setae, x 220 ; 6f, thoracic crotchet,

x220.

Fig. 7. Potamis scotix n. sp. 7a, thoracic avicular crotchet, x 48 ; 76, head of same, x220; 7c, thoracic

pennoned seta, x 48 ; 7d, head of same, x220; 7e, abdominal avicular crotchet, x220; If, abdominal

lanceolate seta, x 150; 7g, superior thoracic seta, x 150; 7/i, inferior thoracic seta, x 150.
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species found in Girvan are in italics.)

A. INTRODUCTION.

§ 1. The Scottish specimens described in this memoir are all the property of

Mrs Robert Gray, and I am exceedingly indebted to her, not only for entrusting them

to me for description, but for allowing them to remain in my hands for a lengthy

period. None of the collections of the Geological Survey, nor those of Glasgow

University, contain any cystids from Girvan. Besides her Cystidea, Mrs Gray has

submitted to me her Crinoidea and several interesting specimens of Edrioasteroidea.

For the present we are concerned solely with representatives of the Class Cystidea as

TRANS. ROY. SOG. EDIK, VOL. XLIX. PART II. (NO. 6). 48
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defined by me in Lankester's " Treatise on Zoology," 1 900.* This, while excluding the

Edrioasteroidea, includes forms that have been removed from the Cystidea, by Haeckel

as Amphoridea, and by Jaekel as Carpoidea.

§ 2. Though written in order to describe Girvan material, the memoir has grown to

little less than a monograph of the genera dealt with, and even includes the description

of a new species from Bohemia. For this no apology is required. When a group of

organisms has recently received adequate revision, new forms may on occasion be

merely described and referred to their systematic position. In the present instance,

prolonged study of allied species and genera proved a necessary preliminary to

the understanding of the Girvan fossils, and if the descriptions of the latter are

to be intelligible the reader must first be placed at the same point of view as

the writer.

§ 3. On the other hand, there are excluded from the memoir various remains,

apparently of Cystidea, that do occur in Girvan but are for the present incapable of

precise determination.

§ 4. To show the Geological Distribution in Girvan of all the Cystid remains, both

described and undescribed, I adapt a portion of the Table of Girvan Strata drawn up

by Messrs Peach, Horne, & Macconochie (1901, p. 429).*

Llandovery—Newlands Series.

3. Camregan Group. Bargany Pond Burn, plate of a Glypto-

Grits, limestones, and shales. cystidean (?)

Rastrites inaximus.

2. Saugh Hill Group. Woodland Point, 1 plate and 1 ? base of

Flagstones and shales. ? Cystid.

Monograptus spinigerus,

Rastrites peregrinus.

1 . Mulloch Hill Group.

Sandstones and shales ; conglomerate.

Dij)lograptus acuminatus.

Caradocian—Ardmillan Series.

5. Drumniuck Group. Thraive Glen, spp. of Dendrocystis,

Mudstones, Starfish Bed. Cothurnocystis, Cheirocrinus, Pleuro-

Dicellograptus anceps. cystis.

4. Barren Flagstone Group.

Diplograptus truncatus.

* AVorks and papers to which veference is made in the text will be found in the list (§ 615) under the names

of their respective authors, the writings of each author being in order of date.
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1.

Whitehouse Group.

Bicellograptus complanatus,

Pleurograptus linecms.

Ardwell Group.

Flagstones and shales,

Climacograptus caudatus.

Balclatchie Group.

Conglomerate, mudstones.

Climacograptus bicornis.

Shalloch Mill, plates suggestive of

Echinoencrinus.

Ardmillan, a Glyptocystid (? CJieiro-

crinus) and plates (a) and (/3).

Balclatchie, plates {^) (7 = Glypto-

cystidean), and (e = Echinosphaerid.).

Dow Hill, plates {8) and (e), plates of

Gheirocr. ? and fragments indett.

The plates e from the Balclatchie conglomerate comprise those described and

roughly figured by Nicholson and Etheridge (1880, pi. 22, ff. 13-19). They belong

to some genus or genera of the Echinosphaeridae and, when thus interpreted, are not

specially remarkable.

§ 5. The fragments from the Balclatchie, Whitehouse, Saugh Hill, and Camregan

Groups are not without interest, but to determine them more precisely would (assuming

it were at all possible) be a laborious task, adding nothing of moment to the geology of

the district or the palaeontology of the Cystidea. Their further study may well be

postponed till better material has been obtained. This memoir therefore deals only

with the extensive and interesting series from the Starfish Bed of Thraive Glen.

§ 6. The position of the Starfish Bed in the Drummuck Group was defined by Prof.

C. Lapworth (1882, pp. 617, 621), from whose paper the following facts are abstracted.

Longer lists of fossils, which have, however, to be used with caution, are given by

Peach & Horne (1899, p. 524).

Purple Conglomerate of Mulloch Hill,

Base of Llandovery.

" The grandest palaeontological break in the entire Girvan succession."

Top of Caradocian [in this region].

Drummuck Group, 400 feet.

Upper Mudstones : soft, blue, homogeneous, thick-bedded, concretionary in parts,

iron-stained : Fossils rare.

Starfish Bed : a hard, greenish-grey sandstone,a few inches thick,highly calcareous:

almost made up of Fossil remains, Tetraster Wyville-Thomsoni, Trinucleus

Buchlandi, Staurocephalus globiceps, Plectamhonites sericea, Strophomena

grandis. Cowper Reed (1903-1906) adds Agnostus agnostiformis, Phillip-

sinella parabola, Illaenus Bowmanni var. longicapitatus, and several new
species.
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Lower Mudstones : pale blue or greyish -green, often sandy, shales and flagstones :

Dicellograptus anceps, Bellerophon bilohatus, B. trilohatus, B. perturhatus,

Plectamhonites sericea, Trinucleus Bucklandi and other trilobites (see Reed).

Basal Sandstones : flagstones with quartz pebbles, seams of grey and green

shales : Fossils abundant, Plectamhonites sericea, " Strophomena."

§ 7. It is clear from the fossils quoted that the Drummuck Group falls within that

upper part of the Caradocian which Dr J. E. Marr (1905, p. Ixxxiv.) has proposed to

distinguish as the Ashgillian Series. The Starfish Bed itself lies in or above the zone

of Dicellograptus anceps, which is the highest zone in the Hartfell Shales of S. Scotland.

It contains several species also found in the Keisley and Kildare Limestones, and

appears to be the partial equivalent of the Killey Bridge beds in Tyrone (see

Fearnsides, Elles, & Smith, 1907), the Rhiwlas Limestone of N. Wales, and of the

top of the Sholeshook Limestone in S. Wales. The Keisley Limestone is now believed

to correspond to the Leptaena Kalk of Dalecarlia, which Swedish geologists correlate

with the Brachiopod Shales of Vestrogothia, and approximately with the upper part of

the Upper Lyckholm (F
1 ) in Baltic Russia and the Coral Limestone of Ringerike in

Etage 5 of the Christiania district (see Warburg, 1910, p. 435). The corresponding

horizon in Bohemia falls within D5 of Barrande = 2d of Katzer (1889, 1902).

§ 8, The Starfish Bed, as its name implies, is prolific in Echinoderms. In addition

to Tetraster Wyville-Thomsoni, there are many Asteroidea, now being studied by

Mr W. K. Spencer. Hitherto, however, the only published references to Cystidea have

been the record of Pleurocystis* sp. by Mrs Gray (1899, p. 687), and by Peach,

HoRNE, & Macconochie (1901, p. 431). Perfect specimens, it is true, are rare; but

fragments are exceedingly numerous, and Mrs Gray fortunately appears to have

collected all that she could lay her hands on. Thus one is enabled little by little to

piece together the complete structure of various species. And it should be mentioned

as worthy of high commendation that Mrs Gray has always done her best to obtain

both counterparts of each specimen. This is by no means always possible ; but when

specimens are preserved, as they are here, entirely in the form of their imprint or

mould, then the possession of both sides of the mould is of the highest value to the

palaeontologist. In this respect Mrs Gray's collection compares most favourably with

the material from Bohemia, with which I have so frequently had to compare it. I

emphasise this point because in past ages people seem to have thought nothing of

keeping a counterpart in one country and sending its fellow to a distant country (see

§ 468). We are fortunate indeed if in such a case two diff'erent species are not founded

upon the parts of a single individual.

§ 9. But, though the Cystidea of the Starfish Bed are numerous in individuals, the

number of species is small. I describe only nine, of which eight are new, and it is

quite possible that some future palaeontologist will say these are twice as many as they

ought to be.

*• Miaprinted " Protocystites" on p. 526 of the Geol. Surv. Memoir on the Silurian Rocks of Scotland, 1899.
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^ 10. Further, the species fall into two very liniited groups. First, that division of

the Amphoridea to which Dr 0, Jaekel (1901) has given the name Heterostelea,

placincr them in his newly invented Class the Carpoidea and not in the Cystidea : and

secondly, a single Family, the Cheirocrinidae of the Order Rhombifera. The genera

represented are :

—

Amphoridea Heterostelea—
Fam. : Dendrocystidae spp.

Dendrocystis 1

Fam. : Cothurnocystidae

Cothurnocystis n.g. 2

Rhombifera—
Super-Fam. : Glyptocystidea

Fam. : Cheirocrinidae

Cheirocrinus 2

Pleurocystis 4

§ 11. [t will be observed that throughout the memoir, except in quotations, the

cumbrous termination -ites is dropped. Since full reference is always made to the

original spelling of every name discussed, this procedure will mislead no one. It may,

at the worst, be regarded as a contraction of practical utility.

Discussions of the geological and biological relations of this Cystid fauna follow the

systematic description {§§ 559, 578).

§ 12. For the opportunity of studying the Girvan specimens, my thanks, as already

explained, are due to Mrs Gray. But for generous aid in supplying me with material

for comparison I have to thank many kind friends whose services are recorded in the

body of the work : they are Prof. Anton Fritsch and Dr J. Perner of Prague,

Prof G. Holm of Stockholm, Prof. 0. Jaekel of Greifswald, Mr Walter R. Billings

of Ottawa, Dr F. L. Kitchin and Mr H. A. Allen of the Geological Survey,

Prof Hughes and Mr H. Woods of Cambridge, and Prof. Sollas of Oxford. I am also

indebted for help and information to Mr Cowper Reed, Prof. Grenville Cole,

Mr R. Bullen Newton and other colleagues of the Geological Department,

Dr J. E. Marr, and, less directly, a number of other friends and correspondents. Much

of the work has been carried out at the Natural History Museum as part of the

preparation for an official Catalogue, and I would express here my obligation to the

Trustees of the British Museum for permitting the publication of this matter, and to

Dr A. Smith Woodward, the Keeper of the Geological Department, for facilitating

the progress of the work. Dr John Horne, who communicates this memoir to

the Society, has in more than one respect proved a friend in need, and it is a par-

ticular pleasure to me to have this opportunity for grateful acknowledgment of his

kindness.
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B. SYSTEMATIC DESCRIPTION.

Order: AMPHORIDEA.

§ 13. Diagnosis.—Primitive Cystidea in which radial symmetry has affected neither

food-grooves, nor thecal plates, nor (probably) nerves, nor ambulacral vessels, nor gonads.

§ 14. This diagnosis is the same as that previously given by me (Feb. 1899 ; Mar.

1900; Dec. 1906) and the reader is referred to the remarks that previously accom-

panied it, especially on the last occasion. It is a negative definition ; indeed, it can

hardly be said that any true diagnostic character justifies the union of the various forms

referred to the Order. A genus here and there may, as our understanding of it deepens,

be fittingly removed to one of the more rigidly established Orders ; or additions to the

number of known genera may render it practically convenient to break up the Amphor-

idea into other Orders, each with a more positive diagnosis. This provisional character

of the Order has always been admitted, indeed insisted on, by me, and especially have

I pointed to the Anomalocystidae as constituting a group that would demand independ-

ence as an Order, Anomalocystida. Two reasons now force me to discuss this demand.

First, the discovery by Mrs Gray of a singular Pelmatozoon which raises many difficult

questions in this connection. Secondly, the fact that Prof. Jaekel's attempt to found

a new Class, Carpoidea (May 1901), seems to be gaining some acceptance. Let us

deal with his proposals first.

§ 15. Dr Jaekel divides the Pelmatozoa into 6 Classes : (1) Cladocrinoidea, and (2)

Pentacrinoidea, which together equal the Crinoidea of most authors
; (3) Cystoidea, (4)

Blastoidea, and (5) Carpoidea, which three he groups as aberrant types ; (6) Thecoidea,

which equals the Class Edrioasteroidea.

§ 16. The Carpoidea comprise the genera that I have grouped under the Families

Dendrocystidae, Anomalocystidae, Malocystidae, and Comarocystidae. Dr Jaekel

splits these Families up, and founds also the Family Ceratocystidae, for a new genus

allied to the Anomalocystidae, and the Rhipidocystidae, for a new genus near

Dendrocystis. The following is his definition of the Class :

—
" Carpoidea are aberrant,

irregular Pelmatozoa, whose ambulacral organs are only in loose relation to the thecal

.skeleton and have, as a rule, produced only slight traces thereon. Theca a closed

capsule, with mouth and anus in its wall, never pentamerous, often distorted, usually

compressed dorsal-ventrally, more or less symmetrica] right and left. Ambulacra

developed in two radii. The elements that bear the ambulacral grooves (so far as known)

are uniserial. Base tetramerous or trimerous. Stem usually composed of symmetrically

biserial coluranals, and in part provided with genital appendages metamerically arranged.

Restricted to Cambrian and Silurian [sensu latissimo]."

§ 17. It will at once be evident that the essential and universal statements in this

definition correspond with my definition of the Amphoridea. There is also a positive
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statement as to the mouth and anus, which applies equally to all my Amphoridea, and

indeed to all Cystidea. The further statement that the ambulacra are developed in

two radii cannot, of course, be maintained for those forms in which the subvective

cxrooves have left no traces on the skeleton ; and for those in which there are traces,

the statement is not universally correct, e.g. Dendrocystis. Moreover, the elements

that bear the subvective groove are not uniserial in Dendrocystis ; nor are there four

basals in that genus. The supposed genital appendages occur only in Rhipidocystis.

In short, there is very little that can be said about the genera assembled in the

Carpoidea, except that most of them show some trace or other either of a compression,

which is certainly not " dorso-ventral " in any morphological sense, or of a bilateral

symmetry. Not only are these characters well recognised as generally due to mode of

life, but in this particular assemblage they affect now one set of organs now another.

Little then remains to knit the genera together but those negative characters which

have prevented either Dr Jaekel or myself from assigning these and other genera to

the better-defined Orders of Cystidea.

§ 18. Some of the differences between the included genera have been taken by

Dr Jaekel to warrant the establishment of two Orders :
" A, Heterostelea, with pro-

nouncedly biserial columnals, strongly compressed theca, apparently always four basals,

and ambulacral organs as a rule devoid of skeleton." This Order comprises the Anoma-

locystidae and Dendrocystidae with their immediate allies. " B, Eustelea. Stem

simply built of ring-shaped columnals, without appendages. Theca spheroidal or com-

pressed. Base, so far as known, trimerous. Ambulacra borne by uniserial elements,

either pushed over the theca [epithecal] in two simple or forked rays, or raised as free

arms [exothecal], which, as well as the ambulacral grooves, give off branches on their

left side. Mouth subcentral. Anus near it on the right." This Order comprises the

Malocystidae and Comarocystidae, which Families are turned into Suborders and

further divided.

§ 19. It is clear that the Heterostelea coincide more closely with Dr Jaekel's own

diagnosis of the Carpoidea than do the Eustelea. In the latter, for instance, the

columnals are not biserial, the theca is often not compressed, and it always shows

distinct traces of the subvective skeleton. Dr Jaekel admits an unbridged gulf

between the two Orders, and when he speaks of their relationship it is not clear whether

he regards the Eustelea as derived from the Heterostelea (though to this he seems to

incline), or whether he supposes both Orders to have descended from a common stock.

His inclusion of the Eustelea in the Carpoidea was admittedly provisional (vorlaufig),

and I am unable at present to accept the suggestion. Dr Jaekel says that my refer-

ence of the Malocystidae, and presumably of the Comarocystidae also, to the Cystidea

Rhombifera is erroneous because they have no pore-folds. It is possible that these

forms do not fall within Dr Jaekel's Dichoporita as diagnosed by him ; but there is

nothing in my diagnosis of the Rhombifera with which they are discordant. Since this

is not a fitting occasion on which to discuss our differing bases of Cystid classification,
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and since no " Eustelea " come up for description in this memoir, we may now turn

back to the Heterostelea.

§ 20. The chief advance that is fixed in the conception of a taxonomic group

Heterostelea is the union of the Dendrocystidae with the Anomalocystidae, mainly on

the oTOund of their biserial columnals. If the Eustelea be removed, then the Hetero-

stelea coincide with the Carpoidea, aud the whole conception becomes more distinct.

In its various negative characters the assemblage still comes under the Amphoridea as

defined above, but may be separated as a Suborder, for which the name Heterostelea

may still be employed. The diagnosis will then run as follows :

—

Suborder : HETEROSTELEA.

§ 21. Diagnosis.—Amphoridea in which there are two planes of symmetry inter-

secting one another at right angles along the main axis of the animal : about the one

(the extension-plane) the theca is compressed, and with reference to this plane tends

to difference of structure ; with reference to the other (the symmetry-plane) both theca

and stem tend to bilateral symmetry of form, which, in the case of the stem, results in

the diraerism of most or all of its columnals. A stem is always present, though not

necessarily used for fixation in adult life.

§ 22. Terminology.—In this diagnosis the attempt has been made to describe the

differentiating modifications in an objective manner, in so far as objectivity is consistent

with any assumption that they are modifications of a pre-existing form. The diagnosis

would be far more intelligible could one refer either to the normal morphology of the

Pelmatozoa, or to the modes of life with which the assumed changes were connected.

But both of these courses would, at the present stage of the investigation, appear too

hypothetical. The morphology and physiology of the matter will be discussed later on.

Here, however, it must be pointed out that the compression cannot be described as

" dorsal- ventral," because in Pelmatozoa the dorsal pole of the theca is defined by the

attachment of the stem ; the dorso-ventral axis is normally a continuation of the

columnar axis ; and a dorso-ventral compression in the true sense would therefore be at

right angles to the compression of the Heterostelea. Similarly the terms " right " and

" left" must bear some relation to a sagittal plane ; but the sagittal plane of the Pelma-

tozoa is usually regarded as the plane passing through the dorsal pole, the ventral pole

where the mouth lies, and the hydropore (Bather, 1900, p. 20) ; and with whatever

the symmetry-plane of the Heterostelea may correspond, it certainly does not correspond

either with this or with any other plane known to the morphologist of Echinoderma,

so far as our knowledge enables us to judge.

§ 23. In certain forms, and on certain hypotheses, the terms "right" and "left"

might be justified from a physiological standpoint and for purely practical convenience.

In Placocystis, for example, if we are justified in regarding the stem as posterior and

the other end of the theca as anterior, in the physiological aspect of locomotion ; and
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if, further, the convex face of the theca is to be regarded as the upper surface (which,

by the way, is not what Dr Jaekel means by " dorsal ") : then, placing the fossil with

the concave face on the table and the columnar end next the observer, the right and

left of the observer and of the fossil would correspond.

§24. But if we feel compelled to subjugate physiological hypothesis and the con-

venience of the moment to ultimate morphological fact, and therefore to eschew the

terms "right" and " left," we may still denote the two sides of the symmetry-plane by

reference to certain interruptions of symmetry. Of these the chief are due to the two

openings of the alimentary canal, the intake and the vent (I use these names for them

because the names "mouth" and "anus" are not always strictly applicable in their

usual connotation, and the phrases "oral aperture" and " anal aperture " are pedantically

cumbrous).

§ 25. While, then, it may, as a rule, be possible to denote the two sides of the sym-

metry-plane, there remains the difficulty of denoting the two faces of the extension-

plane. In many forms, e.g. Placocystis, one face is convex and the other concave ; or

again, as in IVochocystis, one face has larger and therefore less numerous plates than

the other. In those genera that have one face obviously more convex than the other,

the plates of that face are the smaller ; and it is to this convex face that Dr Jaekel

applies the term " ventral," because the anus opens on this face in those genera where

its position on either face is known. But, for reasons given above, the terms " dorsal

"

and "ventral" are not appropriate, and are particularly likely to breed confusion when

one regards the animals from the physiological standpoint already alluded to. Morpho-

logical reasoning, from admittedly hypothetical premises, led me to call the concave

face the right side, and the convex face the left side (1900, " Treatise," pp. 49-52) ; but

if Jaekel be, as I think, correct as to the relative positions of intake and vent in

Trochocystis, then, with the reversal of the premises, the same reasoning leads to the

reverse conclusion : concave is left, and convex is right. It is, however, safer and more

convenient to use only the terms concave (or flat) and convex, whenever these apply.

Unfortunately, with our present knowledge, neither these nor any other obvious terms

are applicable to at least the Dendrocystidae.

§ 26. Taxonomy.—-Prof. Jaekel's classification of the genera in his Order Hetero-

stelea may be summarised * :

—

Suborder, Cornuta.

Fam. Ceratocystidae.

Genus : Ceratocystis Jaekel, with which Jaekel associates three doubtful

forms, Anomalocystites pyramidalis, A. ensifer, and Balanocystites lagenula,

all described by Barrande.

Fam. Anomalocystidae.

Genera
: Enoploura Wetherby, Placocystites De Koninck, Anomalocystites

Hall. Also Anomalocystites bohemicus and Cystidea ahscondita of Barrande.

* The inconsequent variability of termination is due to Dr Jaekel, whose spelling has been followed in this Table.
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Suborder, Marginata.

Fam. Trochocystitidae.

Genus : Trochocystites Barr.

Fam. Mitrocystidae.

Genera: Mitrocystites Barr. emend. Jaekel, Mitrocystella Jaekel, 'I Ateleocystites

Billings.

Suborder, Soluta.

Fam. Rhipidocystidae,

Genus : Rhipidocystis Jaekel.

Fam. Dendrocystidae.

Genus : Dendrocystites Barr.

§ 27. The need for so elaborate a classification is not apparent, and it does not seem

to me that our present knowledge is sufficient to support it. Many of these forms are

very little known, especially the new genera and species proposed by Dr Jaekel him-

self In several other cases the interpretation of structure is admittedly speculative,

and often, I believe, erroneous.

§ 28. Ceratocystis, whether Dr Jaekel's interpretation be correct or not, is a very

distinct genus, and is no doubt rightly placed in a separate Family (§ 256), but I am

unable to agree that the three obscure species of Barrande should be placed with it,

or even, as Dr Jaekel suggests, in an allied Family by themselves.

§ 29. The position of the Anomalocystidae in a distinct Suborder from the Mitro-

cystidae seems incompletely justified, even if one goes so far as to accept the division

into two Families.

§ 30. It may be convenient to place Trochocystis in a separate Family (§§ 246-254).

§ 31. Rhipidocystis is so little known, or at least so inadequately described, that one

does not grasp its relation to Dendrocystis, or the need for placing these two genera

with their three or four species in a Suborder by themselves (§ 35).

§ 32. The new genus Cothurnocystis (§ 162) combines the main distinctive feature

of the Cornuta with that of the Marginata, and in other respects necessitates a re-

valuation of the whole evidence. Further discussion must be deferred till the new

facts provided by this and by the Girvan specimens of Dendrocystis have been set

forth. Meanwhile enough has been said to explain why I drop Dr Jaekel's classifica-

tion and merely arrange the genera of Heterostelea in Families as follows :

—

Dendrocystidae.

Rhipidocystidae ?

Ceratocystidae.

Cothurnocystidae.

Trochocystidae.

Anomalocystidae.

Fam. Dendrocystidae.

§ 33. Diagnosis.—Amphoridea Heterostelea with a theca broader towards the

column and composed of numerous plates irregular in size, form, and arrangement.
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havinw the vent lateral and adcolumnal, the intake lateral and a-columnal and connected

with a single skeletal process composed of four series of ossicles; with a stem proximally

widening and composed of small widened ossicles, distally subcylindrical, gently tapering,

and composed of elongate dimeres, and intermediately of transitional composition,

8 34. Included Genera.—How far the above diagnosis excludes the Rhipidocystidae

I am unable to ascertain from the published account of that Family. If it does not

exclude them, then I should be inclined to reject the Family, and to place its single

genus in the Dendrocystidae. The sole really distinctive character of Rhipidocystis

(as diagnosed) is the outgrowth from the stem of flattened or, in the distal region,

sack-like, plated appendages. This, while admissible as diff"erentiating a genus, is

scarcely enough ground on which to establish a Family.

§ 35. The genotype of Rhipidocystis is R. gigas Jaekel (1901, p. 672), said to be

from the Lower Ordovician " Vaginatenkalk bei Petersburg. Thecal plates ca. 2 cm.

Fig. 3.

Fig. 1. Fig. 2.

Text-figs. 1-3.

—

Rhipidocystis. All the figures aie natural size.

Fig. 1.

—

R. gigas. Specimen 1. Part of a theca from Nikolskoja.

Fig. 2.

—

R. gigas. Specimen 2. Part of a theca from WeskinJe. The axial folds are slightly exaggerated.

Fig. S.—R. baltica. Holotype. A stem-appendage. Reduced from Jakkel's original figure.

large [presumably 2 cm, diameter], middle columnals ca. 1 cm. long, the sack-like

stem-bladders ca. 5 cm. long" {loc. cit.). Dr Jaekel kindly brought over some of the

original specimens for me to see while they were still in his keeping, but they yielded

no information as to the structure of the theca, beyond the facts that it was composed of

polygonal plates, irregular in shape and varying in diameter from about 25 mm, to 7 mm,

in the same individual, and that it was not conspicuously flattened. The plates are not

markedly swollen, and they have an irregularly granular surface, without other ornament

except for a faint suggestion of axial folds in specimen 2, The specimens consisted of:

(1) a thecal fragment containing about 6 plates, from the Ordovician B 2 /3 of Nikolskoja

(text-fig. 1). This was labelled as a syntype, and belongs to the Petersburg Academy,

(2) A thecal fragment of about 14 plates, from Weskinde ; horizon not stated (text-

fig. 2). This is at Greifswald University. (3) A thecal fragment containing a few

obscure but obviously large plates, of unknown locality. This is in the Volborth

collection at the Petersburg Academy, (4) A large slab from C 1, of Dubovicki near

Petersburg, bearing three root-bladders and the remains of one, perhaps two, appendages
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Text-fig. i.—RMpidocystis gigas.

Photograph of slab from the Ordovician, C 1, of Dubovicki, near Petersburg, showing root-bladders and
stem-appendages. Original in Petersburg Academy. Natural size.
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from higher up the stem (text-fig. 4). This belongs to the Petersburg Academy. I do

not know on what evidence specimen 4 is placed in the same vspecies, or indeed in the

same genus, as the others ; but I assume that material evidence does, or did, exist.

§ 36. There is another species, R. baltica, of which the holotype is a stem- appendage

from B 2 (^of Gornaja Scheldicha (Jaekel, 1901, p. 665, f. 3). This appendage is

33 '5 mm. long, is flattened, and has a margin of thickened plates with a U section

(text-fig. 3). I see no difference between this and the stem-appendage in R gigas,

specimen 4, except size, and I suppose that the more proximal appendages in R. gigas

may easily have been as small as this. The species has never been diagnosed or

described, and the name, which occurs only in the legend to the figure, may have been

due to a mere lapse of memory.

§ 37. The curious Platycystites Faberi S. A. Miller (1889, p. 272) from West

Virginia was regarded by me in 1900 (p. 51) as " a worn Anomalocystid of indetermin-

able affinities." The nature of the so-called " basal plates" and their

surface of attachment now suggest to me that this fossil may be one

of the columnar appendages of a species oi Rhipidocystis (text-fig. 5).

1 do not know on what grounds Dr Kirk (1911, p. 19) mentions

Platycystis in connection with Amygdalocystis.

§ 38. Setting aside Rhipidocystis, the Dendrocystidae contain but

the single genus Dendrocystis.

§ 39. Taxonomic History.—For the sake of completeness it may Textfig. 5. — Piaty-

be briefly recorded that Barrande (1887) in the arrangement of his grammatised 'from

Cystids followed a stratigraphical order, and, subordinate thereto, the ^- ^- Filler. Nat.
'^ ^ size.

order of the alphabet.

M. Neumayr (1889, p. 412) placed Dendi^ocystis in the Echinosphaeritidae.

F. Bernard (1893, p. 207) removed the genus to the Pleurocystidae, in which

Family he also included Trochocystis.

K. A. VON ZiTTEL (1895, p. 156) referred all those genera to the Anomalocystidae.

E. Haeckel (Oct. 1896, p. 55), while referring Dendrvcystis to the Pirocystida, a

subfamily of Aristocystida, suggested the establishment of a special Family for it.

The Family Dendrocystidae was actually founded by Bather (1899, p. 919 ; and

1900, p. 47), and accepted by Jaekel (1901, p. 672).

Dendrocystis.

1859. ISyringocrinus E. Billings, Canad. Org. Rem., dec. 4, p. 65.

1887. Dendrocystites J. Barrande, "Echinodermes . . . Extraits du Syst. Silur," 8vo, p. 219.

Also "Syst. Silur. . . . de la Boheine," vol. 7, " Echiuodermes, Cystid^es," p. 142.

1896. Dendrocystis B&vr., E. Haeckel, "Ampli. und Cyst.," Festschr. Gegenbaur, vol. 1, p. 54.

1900. Dendrocystis Barr., F. A. Bather, "Treatise on Zoology : Echinoderma," p. 47.

1901. Dendrocystites Barr., 0. Jaekel, Zeitschr. deutsch. geol. GeselL, vol. 52, p. 673.

1904. Dendrocystis Barr., Delagk k Herouard, " Zool. Concrete," vol. 3, p. 408.

§ 40. Diagnosis.—If Dendrocystis is the only genus, its diagnostic characters are

the same as those of the Family. If, however, Rhipidocystis be included in the Family,
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tlien to the diagnosis of Dendrocystis must be added the statement that the stem is

devoid of appendages.

§ 41. Genotype.

—

Dendrocystis Sedgwicki Barr. As will be shown in the sequel,

the specimens on which Barrande based his description of this species belong to two

species, one coming from his horizon d4 at Zahorzan and d3 at Trubin, the other from

d2 at Trubsko. There is nothing in the description of 1887 to connect the name with

one of these species rather than with the other. The name, however, was first intro-

duced as a nomen nudum in the form Cystidea Sedgwicki (1867), and the species was

then only said to occur in d4. That therefore must be regarded as the type-horizon,

and this carries with it the consequence that the name D. Sedgtvicki must be applied

to the species found at Zahorzan and Trubin. (See further §§ 92, 111.)

§ 42. Other Species.— That from d2 at Trubsko is described below under the new

name Dendrocystis Barrandei (§89).

Dendrocystis rossica Jaekel (1901) comes from the Brandschiefer of Esthland, which

are in the Kuckers beds, C2 of F. Schmidt (§ 150).

The specimens collected by Mrs Gray from the Starfish Bed of Thraive Glen belong

to a single new species, Dendrocystis scotica (§ 127).

The stem found in the Trenton Limestone near Quebec, which Billings described

as Syringocrinus paradoxicus, very probably belongs to this genus (§ 155). If this

could definitely be proved, the consequence, in accordance with Article 27a of the

"International Rules of Zoological Nomenclature" (1905), would be that the well-

known and universally used name Dendrocystis would have to yield to Syringocrinus,

a name applied to a fragment either ignored or misinterpreted by all other writers.

To avoid this absurdity, I purposely refrain from writing Dendrocystis 'paradoxica

without a note of interrogation.

§ 43. The following is the stratigraphical order of the described species :

—

Upper Caradocian. D. scotica.

Lower Caradocian.

D. Sedgwicki.

Upper Llandeilian. D. ? paradoxica.

D. rossica.

Lower Llandeilian,

Upper Arenigian.

D. Barrandei.

[I have just found another species in the Tremadocian of Herault, Colin. J. Miquel.

June 1913.]

§ 44. Description of the Genus.—This is based on a fresh study of actual material

belonging to all four species, as given in detail under the head of each species. Since,

however, the available material of D, rossica is restricted to columnals, statements
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concerning other portions of the skeleton rest solely on the evidence of the other

species. The previous account by Barrande and the few statements added by Jaekel

have been carefully checked. See generally text-figs. 6-9.

S 45. Theca, Form.—When viewed from either face of the extension-plane, the

outline is roughly that of an isosceles triangle with truncate apex. The ratio of width

to height varies according to species from '9 to r5. The stem is attached to the base

of the triangle, and there is a tendency for the lower angles to form rounded lobes

which may project below the stem-attachment. Thus is produced a reversed heart

shape. The increase of these lobes makes the sides of the triangle concave. This is

particularly the case on the antibrachial ( = antanal) side, where the lobe is often more

pointed and more prominent. On the brachial ( = anal) side, the outline is straighter

or even tends to convex, and the lobe as a rule is not so prominent. This is called the

brachial side because it is on this^side that the appendage springs from the truncation of

the triangle; it may be called the anal side because, in D. scotica at any rate, there is good

evidence for the presence of a vent between the stem and the lower angle on this side.

§ 46. A further modification of the truncate isosceles triangle consists in the pro-

longation of the antibrachial angle of the truncation as a lobe counterbalancing the

appendage. In the Bohemian species this is little more than a rounded hump, but in

D. scotica it may reach a length of over 17 mm., while the plates composing it assume

a hexagonal outline and a definite arrangement.

§ 47. The tenuity of the plates might lead to the supposition that the compression

of the theca was a mere consequence of fossilisation. Barrande himself conceived of

the theca as ovoid or spheroidal, and even Jaekel describes it as " beutelformiger,

wenig comprimirter." But that considerable compression characterised the theca in

life seems to follow from the fact that all except one or two of the specimens in the

rather large series that I have examined seem to be compressed in the same, or at any

rate approximately the same, plane. The compression and shearing due to fossilisation

is greatest in the black micaceous shales of Zahorzan ; and this, combined with the

number of fossils and fragments scattered through the rock, renders the true outline

hard to see in D. Sedgwicki. But the specimens preserved in quartzite or sandstone

(Z>. Barrandei and 1). scotica) retain, in many cases, a definite form and outline,

clearly very little disturbed by post-mortem pressure. The greatest thickness for

which these aff"ord any evidence is 8 mm. in D. Barrandei (E 16027), and this is

only on the assumption that one face was not concave. Probably no theca of Dendro-

cystis was more than 1 cm. from face to face ; and, at a rough estimate, the thickness

did not as a rule exceed one-third the greatest width.

§ 48. The compression, however, was not so great as to produce any notable modi-

fication of the plates at the margins. In the earlier species one face seems to have

passed gently round to the other, without any sharp demarcation between the two or any

bending of individual plates ; in D. scotica, however, the adcolumnal margin of the lobes,

especially the antanal lobe, often seems to be stiff"ened by irregular bent marginals.
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brachiole

Fig. 6.

Fig. 9.

Fig. 7. Fig. 8.

Text-figs. 6-9.

—

Dendrocystis.

Figs. 6, 8, 9, are reconstructions based on actual specimens, and of natural size ; they are grouped here to show at a

glance the differences between the three species.

Fig. 6.

—

D. Barrandei. Individuals of this species are usually smaller than the drawing.

Fig. 7.

—

D. Barrandei. The region between anal lobe and stem in Brit. Mus. E 16102, showing the sugar-loaf plate and the

elongate plates probably connected with the vent. Drawn with camera lucida from a squeeze, and enlarged about

3 diameters.

Fig. 8.

—

D. S'edguieki. Note the umbonate plates between the anal and antanal lobes, and the elongate plates between the

sugar-loaf plate and the stem. Some of the columnals in the distal region are broken and show the lumen.

Fig. 9.

—

D. scotica. Between anal lobe and stem, the plates of the vent form a projection.
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8 49. I have hinted (§ 47) that one face of the theca might be concave. What is

rather more probable is that one face was at any rate more convex than the other,

especially in the lower third. In D. Sedgwicki this convexity was strengthened by

a folding of its plates, and in that species it seems to have been on the face directed

towards the observer when the appendage is to his left (PL I. figs. 5, 6). In the other

species, where the plates are smooth, it is less easy to form any opinion as to the relative

position of this convex face. The position of the face with regard to gravity is

discussed later (§ 593).

§ 50. The Plates composing the theca are tessellate, although in the fossils post-

mortem pressure, especially near the edges, may often have produced accidental im-

brication. The plates are irregular polygons, varying considerably in size in each

individual, but also showing recognisable limits of variation for each species. Ex-

cluding the plates immediately adjoining the stem, the appendage, and the vent, the

limits for the genus are probably not less than '5 mm. and not greater than 7 mm.,

the measurement in each case being the greatest diameter of the plate.

§ 51. The thickness of these plates, excluding special variations, appears to be not

less than "25 mm., and not greater than "5 mm.

§ 62. As a rule the plates are smooth or slightly granular, and either approximately

flat or slightly swollen. In D. Sedgwicki, however, a tract in the proximal third of

the theca, in the middle of one face and apparently (but not quite certainly) confined

to that face, is composed of plates with the edges folded in such a way that there is a

smooth rounded umbo from which a ridge leads to each angle of the plate. The imprint

of this is well shown in Barrande's pi. 26, f. 7.

§ 53. It is only in D. Sedgivicki, among the available species, that the Stereom is

occasionally preserved. It is undoubtedly composed of calcite, which is deposited in

a fine homogeneous meshwork, devoid, in most plates, of definite radiating or fascicular

structure, so far as can be seen on the surface under a lens. The general eff"ect is fairly

well given by Barrande's plate 26, f 9, enlarged about 5 diameters. Barrande, it is

true, attributes the punctation there shown " a des molecules de schiste repandus sur

la surface "
; but in the British Museum specimens there are undoubted fragments of

reticular stereom. In D. Barrandei and D. scotica the microscopically granular

appearance of the imprints may very well be due to the grains of the quartzite and

sandstone matrix. This must not be confused with the coarser granular ornament

sometimes seen.

§ 54. The wall of the theca is described by Barrande as consisting of the three

layers to which I have applied the terms epistereom, mesostereom, and hypostereom.

His evidence for the existence of Epistereom, or epidermis as he calls it, consists

in the mamelon and ridges on certain plates, as previously described ; and he seems to

have believed that this was essentially a feature of all the thecal plates. Certainly the

latter belief was unfounded ; and as for the folding of the plates, I believe that it afi"ects

the whole stereom and is not a mere ornament due solely to the epistereom, for which
TRANS. ROY. SOC. EDIN., VOL. XLIX. PART II. (NO. 6). 50
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layer therefore it would be no evidence. This view would he proved by finding an

impression of the inner face of the plates showing the same ridging.

§ 55. The Mesostereom, according to Barrande, is laminate and not canaliculate,

although he mentions doubtful traces of some pores on the surface. These are repre-

sented in his pi. 26, f 11, as very minute diplopores, but the definiteness of the appear-

ance is probably due to the draughtsman. I have been unable to find any trace of

undoubted pores in the available material of any species. In a few specimens, as seen

under favourable illumination with a low-power lens, the ridges left on the imprints in

the position of the sutures between the plates have a somewhat wavy or notched appear-

ance ; and one is tempted to infer that the sutures may have been crenelate, or that the

plates may have been united by strands of mesostroma which left their trace in the

fascicular arrangement of the stereom at the borders of the plates (PI. II. fig. 23). But

on applying a higher power, this appearance is generally resolved into irregular grains

of sand, so that clear evidence is still wanting.

§ 56. The Hypostereom (" epiderme interne ") according to Barrande is represented

by a thin, reddish layer, on which are a very few scattered tubercles. These might be

regarded as the ends of small canals, but Barrande was undoubtedly correct in declin-

ing to attribute any such nature to them. The reddish layer does not, of course, imply

the previous existence of any hypostereom, though it may in a certain sense represent

the hypostroma among other organic tissues.

§ 57. Modifications of Thecal Plates.—In addition to the umbonate, ridged plates

already discussed, we have to consider three real or supposed modifications. (1) Br

Jaekel (1901, p. 673) mentions "a folded plate at a lower corner, which corresponds

to the thick corner plate of Ceratocystis (erroneously taken by Haeckel for a valvular

anal pyramid)." If Dr Jaekel is referring to Prof. Haeckel's remarks on p. 56 of

his " Amphorideen und Cystoideen," I am not certain that both authors allude to the

same thing. The only structure that seems to correspond with Dr Jaekel's description

is a hexagonal or pentagonal ridged plate, 9 "3 ram. in greatest length, represented in

Barrande, pi. 26, f. 2, at apparently the lower corner of the adbrachial side of the

theca. A plate of similar appearance, but only 5 mm. long, is associated with the

original of Barrande, pi. 26, f. 6, at the lower corner of the antibrachial side of the

theca, but is not distinguished in the figure. This latter plate, though somewhat Hke

the umbonate plates, is more than twice their diameter and apparently bears concentric,

coarse striae between the ridges (PI. I. fig. 5, marked x). In Barrande's fig. 2 it is

relatively larger. In both cases it lies above the plates of the theca and has no very

obvious connection with them. No such plate is associated with any other specimen

known to me, of any species of Dendrocystis. Therefore I do not regard this plate as

having anything to do with the two individuals near which it is found, or even as

belonging to any Dendrocystis.

§ 58. Whether this is the structure Dr Jaekel had in mind is another matter.

There is actually in Dendrocystis, or at least in some species or in some individuals, a
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structure far more legitimately to be homologised with one of the corner plates of

Ceratocystis. In D. scotica, for instance, in G 112 the lobes have a very rigid appear-

ance, and one of them ends in almost a sharp point ; these are composed of more than

one plate, but in form and relation to the stem they correspond precisely to the lower

horns of Cei'atocystis. Again in D. Sedgivicki and D. Barrandei some specimens show,

whether on the brachial or antibrachial side, at the lower angle of the theca, a rather

definite appearance, as though the lobe were here strengthened by somewhat thicker

plates. (See further §§ 77-79, and PI. I. figs. 2, 5, 9, and text-figs. 6, 8.)

§ 59. (2) Basals. Dr Jaekel says of his Carpoidea (1901, p. 662), "Die Basis ist

vier- oder dreitheilig"; and more particularly of his Heterostelea (p. 666), " anscheinend

immer 4 Basalien." The Dendrocystidae, however, fall within his Suborder Soluta, of

which he says (p. 672), "Die Ordnung des Thecalskeletes vollstandig aufgelost." The

facts appear to be these :—There are no plates so distinct in number and shape as to

be called "basals." The proximal plates of the theca do not, however, merge into the

stem (unless in exceptional cases) but are distinguished from it by a thickened proximal

margin. This often forms a slight rim on the outer surface of the theca (PI. 1. figs. 1,

3, 4 ; PI. n. figs. 19, 24) ; and some specimens suggest that there was also a projection

into the lumen, though this may have been confined to one or more of the larger plates.

For it is the case that at least one (and it may be two) of these plates is frequently

larger than the others (PI. I. figs. 1,5; PL II. fig. 12). This seems to be a permanent

feature in the earlier species, D. Bar7-andei, where the adjoining plates are small and

numerous, so that the enlarged plate is conspicuous by its size and surroundings as

well as by its strongly projecting rim. There is a similar plate (or it may be plates)

in many, perhaps all, individuals of D. Sedgwicki, but the rim is not so disproportion-

ately prominent. In these two species there may be fully ten plates abutting on the

stem. In D. scotica the number is probably not more than six as a rule, and though

some are often larger than the other thecal plates, there does not appear to be one

permanently distinguished by its size or prominence.

§ 60. The basal rim is presumably a stiff"ening against mechanical pressure. Partly

it may be intended to prevent collapse of the lumen, and consequent crushing of the

chambered organ, which we may suppose to have lain, as usual, at this level. The

internal projection, however, restricted as it seems to be to a limited tract, suggests a

point of attachment for muscles or ligaments connecting the stem with the theca.

§ 61. (3) Adbrachial plates. At the base of the appendage the thecal plates are

thickened
; all or some are frequently larger, and may even, in D. Sedgwicki, have

been folded (PI. I. figs. 4, 6 ; PL II. figs. 11, 18). They must have served either as a

platform to support the appendage steadily and as a fulcrum for muscular action, or as

a frame to prevent the lumen from being crushed—possibly in both capacities.

§ 62. As in the case of the plates adjoining the stem, the larger among these plates

often, and especially in D. Barrandei, abut on much smaller, somewhat elongate plates

(PL I. fig. 1). In each of these cases rigidity and support are obtained just where they
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are wanted, but the loss of flexibility is immediately compensated by the diminution

in size of the adjacent plates.

§ 63. The Appendage.—Logically one should proceed to discuss the openings in

the theca, but their interpretation depends so largely on the interpretation of the distal

tapering appendage that the present order is more convenient.

Examination and comparison of a number of specimens of D. Barrandei and

D. scotica, with a few of D. Sedgwicki, convinces me that normally this structure is

composed of four vertical columns of ossicles (see especially PL 11. figs. 14-18). The

ossicles in two adjoining columns are larger than those in the other pair of columns, and

these larger columns are towards the outer side of the theca : in other words, if the

fossil be viewed so that the appendage is to the spectator's left, and preserved without

distortion, then there will be seen two vertical series, a large one on the left and a smaller

one on the right. The words " large " and " small " are used here to express differences

of two kinds : in the Bohemian species the outer ossicles appear to be wider than the

inner ones, but both series are of the same height and general thickness ; in the Scottish

species, the outer ossicles are not so wide as the others, but they are notably thicker.

In the Bohemian species the inner series of one face does not alternate with the outer

series of the same face ; in the Scottish species, if the two series do not clearly alternate,

at least they do not seem to correspond, and certainly the two columns of the larger

and smaller series respectively do alternate with one another. In Z). scotica the suture

between the outer and inner series of plates may be impressed (PI. II. fig. 18).

§ 64. A specimen of D. Barrandei (E 16028, PI. I. fig. 4) suggests that the outer

series may in some cases have formed only a single column ; the conclusions to be

drawn from this are discussed later (§ 100).

§ 65. In all species there is a large lumen contained between the inner and outer

series of ossicles. There is, however, no trace of any opening from this lumen to the

exterior, whether at the distal or proximal end, or in the form of pores or of slits

between the plates.

§ 66. The ossicles at the proximal end are generally more massive than those

forming the greater part of the appendage, and merge into the stouter thecal plates

already described (§ 61). One gets the impression that the ossicles of the appendage

have been gradually modified from thecal plates, and that there is less difi"erentiation

in the earlier species. The beginnings of the thickening of the ossicles are seen in

D. Sedgwicki in the form of transverse internal ridges strengthening the plates (? of the

outer series alone) (PL I. fig. 9 ; cf. PL II. fig. 16).

§ 67. Barrande (1887, p. 74), relying largely on the opinion of Trautschold,

considered the appendage as a "tubus ventralis." At that time the appendage going

by that name in the Crinoids was not well understood. We now believe that it may be

either a simple anal (or more properly, rectal) tube with the anus at its distal end, or a

ventral sac containing an expansion, frequently a coecum, of the rectum, modified for

respiration. The discovery of the vent of Dendrocystis at the opposite end of the



CARADOCIAN CYSTIDEA FROM GIRVAK 379

theca shows that, whatever the function of this organ, it cannot be anatomically

associated with the rectum.

§ 68. It was M. Neumayr (1889, p. 407) who originally suggested that the

appendage was an arm, giving as his reasons, first, " its most striking resemblance to

the arms of Arachnocystites," secondly, " the extreme regularity of the doubled row of

pores . . . such as only obtains elsewhere in the case of ambulacral pores." This last

remark is explained by Neumayr's choice of an illustration : his fig. 107b is a reproduc-

tion of Barrande's pi. 26, f. 13, " montrant la trompe dans un etat de decomposition,"

and apparently presenting an inner view of the plates with the transverse ridges

mentioned above (§ &6). There are no pores.

§ 69. Haeckel (1896, p. 55), recognising Neumayr's error, reverted to the idea that

the appendage was a proboscis, perhaps with a distal mouth [which it has not], and

" probably surrrounded at its base by a circlet of uncalcified mouth-tentacles " [for

which there is no evidence whatever]. He also made the curious suggestion that this

appendage might be the stem, and that the stem (of Barrande) might be the proboscis.

In a review of Barrande's work in "Nature" (July 18, 1889, p. 269), I had already

pointed out the close resemblance of the " arms " of Arachnocystis and Dendrocystis to

the stem of the former, adding " one would almost imagine that they had originated in

the same manner," i.e. as gradual extensions of the theca.

§ 70. Jaekel (1901, p. 673) merely says that the appendage "probably served for

the reception of the ambulacral organs."

§71. In 1899 and 1900 (p. 48) I regarded this organ "as an extension from the

mouth, bearing a ciliated food-grove that could be closed by plates, and perhaps also

an extension from the water-ring."

§ 72. It follows that there is a general consensus of opinion that the appendage is

connected with the subvective system. The ideas of " pores " and of a terminal

" mouth " being eliminated as inconsistent with the facts, the sole workable hypothesis

remaining is that the organ is essentially a brachiole, similar to those of Arachnocystis

and other Rhombifera, i.e. with two columns of stouter plates enclosing a groove, and

an alternating series of smaller plates that cover the same. It diff'ers from the usual

type in its less length, greater width, larger food-groove, and above all in its singleness.

This last feature will appear doubly peculiar when we realise that in the history of the

genus there is a gradual development of a process at the opposite angle of the theca,

clearly intended to counterbalance the appendage. If Dendrocystis were descended

from a normally erect form, in which exothecal skeletal supports for the subvective

system had already been evolved, we should be almost bound to suppose that those

processes must have been at least three, and possibly five, in number ; and we should

then find great difiiculty in understanding why they should not have been reduced to

two processes, as in so many genera of diverse origin but similar habit (e.g. Placocystis,

Pleurocystis, Comarocystis), the more so since two processes would have so naturally

supplied the " besoin " which, as Lamarck might have put it, the animal was struggling
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to satisfy. Is it not, then, simpler to suppose that the ancestors of Dendrocystis

possessed no exothecal subvective skeleton, and that the single appendage was developed

when the race had already begun the Dendrocystid mode of life ? In some of the

Ordovician Amphoridea [Deutocystis, Pirocystis) the intake appears at the end of a

short tubular extension of the theca ; but, if the animals obtained their food in the

usual pelmatozoan manner, we must imagine some sort of extension from this to form

a collecting surface, Haeckel (1896) therefore supposes the subvective system to

have been supported on uncalcified exothecal processes. Whether the appendage of

Dendrocystis arose by calcification of these, or by their absorption within a gradual

outgrowth from the theca, is not easy to be decided.

§ 73. The Vent.—Thanks to the Girvan material, the position of this need no

longer rest in doubt. In D. scotica a number of small elongate plates, clearly grouped

round an opening closed by a sphincter muscle, are to be detected, not far from the

stem, at the edge of the lobe on the adbrachial side of the theca (§ 141 ; PL II.

figs. 23-25),

§ 74. Armed with this information we may restudy Barrande's drawings. His

plate 26, f. 6, represents an imprint of D. Sedgwicki from Zahorzan, and a squeeze

taken therefrom shows the structures in their true position (PI. I. fig. 5). Three

features merit attention : (1) on the adbrachial side of the theca (the right-hand in

Barrande's figure, left-hand in ours) a definite angle, clearly outlined
; (2) between

this and the stem a large smooth plate, of somewhat sugar-loaf shape, with a convexly

curved base
; (3) a series of small plates abutting on this curved base, with some

appearance of regularity, and notably smaller and more elongate on the side of it

nearer the stem. Some or all of these appearances are also to be noticed, in the same

relative arrangement, in Barrande's figures 1, 14, and 16 of pi. 26, and fig. 6 of pi. 27,

all of which represent specimens from Zahorzan. Fig. 17 of pi. 27 is said to represent

the base of a specimen from d3 of Trubin, but Dr Pekner tells me that it is " surely from

Zahorzan d4." On its left side is the half of two concentric circles of convergent plates.

A very similar appearance, as seen from the side, with the sugar-loaf plate, is shown in

the only specimen known from d3 of Trubin, and the regularity of the appearance is not

greatly exaggerated in pi. 27, f. 18. It is strange that Barrande should have remarked

on these appearances only in order to dismiss them as unimportant. Thus, the specimen

mentioned last is " peu instructif " ; the concentric arrangement in fig. 17 is " due a

I'imagination du dessinateur" ; and in fig. 6 of the same plate " les apparences . , ,

ont et6 exag(irees par le dessinateur," There can, however, be no doubt as to the

objectivity of the appearances, and the fault of the draughtsman Humbert was that he

seized a significance which did not commend itself to the intelligence of Barrande,

Haeckel, then, may have been right in regarding these concentric plates as surrounding

a vent, and, if the sugar-loaf plate was not precisely such a valve as he supposed, it

may quite possibly have served to deflect the outgoing stream in the direction of

the stem.
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The clearest evidence that I have been able to obtain up to the present is that

afforded by the British Museum specimen of Dendrocystis Sedgwicki (El 6031). The

photograph reproduced as fig. 6 of PI. I. is the outcome of patient preparation by

various methods extending over a year and a half, and, though not conclusive by itself

alone, it shows, in the region corresponding to that occupied by the vent in D. scotica,

a few curiously elongate plates, which must have been modified for some special

purpose.

§ 75. Appearances similar to those shown in Barrande's figures of Dendrocystis

from Zahorzan are also seen in his figures of Dendrocystis from Trubsko (pi, 27,

ff. 20, 22), and are confirmed by E16024 and E16102 in the British Museum (§ 102
;

text-fig. 7). Whether the lobe on which they are be adbrachial or antibrachial

is uncertain ; but one infers that a vent existed at the proximal end of the theca

in D. Barrandei also.

Whether Dr Jaekel had precisely these appearances in mind when he penned the

phrase "mit seitlichem After," is perhaps unimportant; but the reason for raising the

question will appear in the next section.

§ 76. Other Thecal Openings.—There is not in Dendrocystis, any more than in

other Heterostelea, evidence for a hydropore of whatsoever kind, or for a gonopore.

(Anything in my previous writings contrary to this sentence is erroneous.) Prof.

Haeckel, however (1896, p. 56), has drawn attention to certain appearances in

Barrande's pi. 26, ff. 1, 6, 10, 18, pi. 27, ff. 2, 6, 19, 20, which he regards as "a

third large opening—? gonopore" on the antanal lobe of the theca, close to the stem

attachment. The fact that Barrande himself (as in the explanation to pi. 27, f. 6)

warns us against placing too much reliance on these portions of his drawings, should

not, after our experience with the anal structures, cause us to reject Haeckel's hypothesis

without examination.

§ 77. In Barrande's pi. 26, f. 1, there is a pronounced semicircular notch at the

lower antanal corner of the theca (the right hand of the figure). In pi. 27, f. 6, there

seems to be some structure in this position. There is also some trace of the notch in

pi. 26, if. 16 and 18. Turning to specimens in the British Museum, one finds that in

E1602L the right-hand lower corner ends in rather a sharp point, and immediately

above this the outline is excavate (PL L fig. 7). A similar appearance is more obscurely

seen in El 60 19.

§ 78. One concludes then that there is some objective basis for the appearances,

though their interpretation is difficult. A somewhat similar semicircular notch in

Ceratocystis is interpreted by Prof Jaekel as an anus. When, therefore, that author

ascribes a lateral anus to Dendrocystis, it is possible that he is referring to the present

appearance and not to that which I have above regarded as the true anus.

§ 79. In. D. Barrandei there is no such appearance on the antanal lobe. In

D. scotica, however, there is, as previously stated (§ 58), a tendency to a pointing of

this lobe and a strengthening of the point by one or more stouter plates. I am inclined
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to think that the appearances in D. Sedgwicki are due to a similar cause, and to the

fact that in the crushed fossils the region of the theca immediately above this stouter

end of the lobe was liable to be broken in and so to form a notch. I conclude that

there is no evidence for any actual opening.

§ 80. The preceding remarks are not meant to imply that there was no hydropore.

Search should be made for one on the thecal plates that support the brachial appendage,

and particularly between the appendage and the vent. In a single specimen of

Dendrocystis scotica one of those plates has near its side margin a rounded projection,

which may have been connected with some pore or porous area (§ 136 ; PI. II. fig. 21).

[In the Tremadocian species (§ 43) there seems to have been a similar structure.

June 1913.]

§ 81. The Stem may be divided into three regions which merge into one another

:

proximal, median, and distal. The complete stem was twice the height of the theca

or more.

§ 82. The Distal region is the narrowest, is approximately cylindrical, but tapers

gently distalwards with a rapid tapering at the point (PL I. fig. 8 ; PI. II. fig. 19).

The columnals are about twice as long as wide, vertically bisected, with the dimeres

not exactly apposed but tending to alternate, especially towards the distal and proxi-

mal ends of this region. The lumen is much wider in some species (e.g. D. scotica)

than in others (e.g. D. rossica). The distal extremity is closed, and presents no sign

of attachment (PI. I. figs. 2, 8, 9).

§ 83. In the Median region the stem widens rapidly, the dimeres are shortened and

come to alternate or are pushed apart by intercalated plates, and the lumen increases

in relative size (PI. I. figs. 3, 6, 7 ; PI. II. figs. 19, 20). The rate of change and the

character of the alternation of the dimeres vary with the species; but in all of them this

region essentially serves as a transition from the rather rigid narrow distal region to

—

§ 84. The wide, flexible Proximal region, essentially composed of flanged rings fitting

into one another, and enclosing a wide lumen, continuous with the cavity of the theca

(PI. I. figs. 3, 7 ; PL II. figs. 12, 19, 20, 25). This is a common plan of stem in the

Cystidea, especially in the Heterostelea and the Glyptocystidea, but the interest of

Dendrocystis is that it furnishes the successive steps in the evolution of these rings

from a number of small plates (see §§ 106, 124, 148).

§ 85. The stem of Dendrocystis has more than once been adduced as evidence that

the Pelmatozoan stem may have originated as a gradual lengthening of the lower part

of an attached theca (see, for instance, M. Neumayr, 1889, p. 411 ; and F. A. Bather,

1896, p. 297). I now perceive in it a greater tendency to regularity than I had

supposed, as well as more distinction from the theca by reason of the thickened rim of

the proximal thecal plates. But the former view is not to be hastily rejected—for

two reasons.

§ 86. First, as has just been indicated, the trend of evolution in the proximal region

is towards regular annulation and from a number of small irregular plates ; in short,
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from precisely such a stage as the hypothesis postulates. Further, the trend of evolu-

tion in the median region is from a fairly elongate region of several irregularly alternat-

ing series of plates to a short region marked merely by a sharp transition from dimeres

to tetrameres.

§ 87. Secondly, there are still occasionally to be found in D. Sedgwicki specimens,

such as E 16021 (PI. I. fig. 7), in which the ossicles composing the proximal region are

quite irregular in the neighbourhood of the theca, and seem to merge gradually into

the thecal elements. With these may be compared the curious stems from the

Cambrian of Ginetz, described by Barrande (1887, p. 181, pi. 2, f. 34) as Cigara

Dusli. The sharply tapering portion corresponds to the median region of the Dendro-

cystis stem ; the elongate, irregularly plated upper part, which Barrande -calls " une

partie du calice," corresponds to the proximal region of the stem, merging, no doubt,

into the theca.

§ 88. I conclude, then, that in Dendrocystis we see preserved the successive stages

in the origin of at any rate the Heterostelean stem, A gradual elongation of the theca

produced a stem with a wide lumen enclosed by irregular ossicles. These gradually

assumed a regular alternation, and had Dendrocystis retained the upright habit, they

would probably have become arranged in alternating pentameres. But, in accordance

with the more prostrate habit, the ossicles were instead modified by successive stages

into dimeres, and the stem, togefher with the theca, assumed a bilateral character.

Dendrocystis Barrandei n. sp.

(PI. I. figs. 1-4. Text-figs. 6, 7.)

1887. Dendrocystites Sedgwicki J . Barrande, " Echinodermes . . . Extraits du Syst. Silur.,"

8vo, p. 223 (pars.). Also "Syst. Silur. . . . de la Boheme," vol. 7, "Echinodermes,

Cystidees," p. 145, pi. 27, K 1, 5, 19, 20, 21, 22, 23 (caet. excl.), and ? pi. 38, f. 16.

§ 89. Diagnosis.—A Dendrocystis with thecal width about '9 of thecal height ; thecal

lobes descending slightly below stem-attachment; antibrachial shoulder a rounded
hump

;
thecal plates all smooth, with greatest diameters from 1 to 4 mm., but most of

them approximately equal in size. Length of brachiole rather less than thecal height

;

width tapering from ca. 2-3 mm. to '4 mm. and less. Length of stem about twice

thecal height
; distal region subcylindrical, with dimeres subalternate ; median region

expanding gradually, with dimeres regularly alternating or breaking up irregularly
;

proximal region annulate, with smaller plates between the rings.

§ 90. Locality.—Trubsko and ? Hajek (Barrande, pi. 38, f. 16), Bohemia.

§ 91. Horizon.—d 2, quartzites, corresponding in time about to the beginning of the
Llandeilian.

§ 92. Material—Holotype, an imprint of theca with appendage and part of stem
from Trubsko, Brit. Mus. E 16026 (PI. L fig. 1).
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Paratypes, various imprints from Trubsko, Brit. Mus. E16022-E 16025, which with

the holotype were obtained from the R. Bohemian Museum in 1912. Also similar

imprints, Brit. Mus. E16027-E 16030 and E 1 6101-E16103, received from J. Barrande,

and all accompanied by Barrande's original MS. label " Cystid. Sedgwicki, Barr. D

—

Trubin." It was, however, clear from examination of the matrix, from Barrande's

statement as to the scarcity of Dendrocystis in " dS, les schistes noirs de Trubin," and

from comparison with Barrande's figures, that our specimens came from Trubsko.

This was confirmed by Dr J. Perner, by the specimens E16022-E 16026, and by the

specimen of D. Sedgwicki represented in Barrande's pi. 27, f. 18. This last is

believed by Dr Perner to be the only one among the specimens of Dendrocystis

figured by Barrande which really comes from d3, Trubin.

§ 93. Of the other specimens said by Barrande to come from Trubin, Dr Perner

believes that the original of pi. 27, f 17 came from d4 of Zahorzan ; the original of pi. 27,

f. 1 from d2 of Trubsko. The latter specimen was also among those submitted to me, and

I accept Dr Perner's opinion. It is therefore probably a specimen of this species, but

it is not a very good one, and, owing to the confusion as to its locality, is better ranked

merely among the paratypes (PI. I. fig. 2).

Other specimens presumed to belong to this species, though not examined by rae,

are represented in Barrande's pi. 27, ff. 5 (this shows two thecas together), 19, 20,

21, 22, 23.

§ 94. Description.—(Text-fig. 6.) Theca. Outline more regularly cordiform than

in D. Sedgwicki, but not bilaterally symmetrical, tending to convex outline on adbrachial

side and to concave on antibrachial. Lobes subequal, antibrachial slightly more pro-

nounced, both descending slightly but clearly below stem-attachment. Narrow end

truncated by a slightly concave curve ; one of the two slight shoulders thus formed

supports the brachiole. (See specimens, Brit. Mus. El 6028 [PI. I. fig. 4], E 16029.)

§ 95. Measurements of Theca in millimetres :

—

Height. Width Above. Greatest Width.
Ratio of Width

to Height.

E 16023
E 16026
E 16028
E 16029
E 16006*

22-7

20-6

20-4

20-5

ca. 25

ca. 8-5

ca. 7*3

ca. 7

ca. 7

ca. 7-3

19-5

18-6

18-5

18-5

ca. 24-5

•85

•9

•9

•9

ca. -98

The height is measured from the stem-attachment to the depression between the

shoulders. An outside measurement, covering both lobes and shoulders, would make

the ratio of width to height nearer "85 than '9.

§ 96. The convexity in the lower half of the theca is well marked in nearly all

* This is a squeeze taken from the original of Barrande, pi. 27, f. 1.
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specimens ; in E 16028 the projection is ca. 2-5 mm. In three specimens (E 16026-7-8)

the convex face appears to be that towards the observer when the brachiole is on his

right hand ; the evidence of other specimens is uncertain.

§ 97. Thecal Plates.—Diameters observed in the ordinary plates :

—

E 16026 . . . . . 1-3 mm. to 38 mm.
E 16027 1-0 mm. to 3-9 mm.
E 16028 1-3 mm. to 3-6 mm.

From this it appears that the plates do not reach quite so large a size as do some in

D. Sedgivicld. But the difference that really exists does not appear from the measure-

ments : it is that here there are very few small plates, and all the plates are much of

a size, with a greatest diameter of ca. 2*5 mm. Thickness estimated from El 6030 as

not more than "25 mm. In most specimens any hollow moulds that may have been

left by the plates are too slight or obscure for measurement. Surface of plates smooth.

Stereom never preserved, and the nature of its reticulation obscured by the coarseness

of the matrix.

§ 98. "Basals." There is at any rate on one face of the theca, a large plate. In

E16028 (PL I. fig. 4) it measures 4*1 mm. in greatest width, and 2"8 mm. in greatest

height ; it is surrounded by 9 (? 10) plates, having a width where they abut on it not

exceeding 1 mm., but widening as they radiate away from it, and attaining a height of

ca. 27 mm. The large plate had a very strong swollen rim at its base ; and in El 6028

this formed a rather sharp, slightly bifid projection, apparently on the inner side. In

E 16024 a strong rim is seen at the base of two adjoining large plates (PI. I. fig. 3).

In other respects there is no definiteness in the number or size of plates adjoining

the stem.

§ 99. Adbrachial plates : a few are larger and stouter. In E 16027 one large plate,

3'7 mm. wide and 3 '2 mm. high, abuts laterally on two plates of rather less size, and

rests on 5 (or 6) smaller, somewhat elongate plates (see § 62).

§ 100. The Brachial Appendage appears to have essentially the same structure

as in D. Sedgwicki (see §§ 63-66), but its study has been rendered difficult in all

specimens accessible to me by the absence of counterparts. In E 16028 (PL I. fig. 4),

the impression shows only a single series of half-rings, instead of the biserial arrange-

ment usual in the genus ; there are, however, a few wedge-shaped ossicles that thin

out towards one side or the other, and these suggest an incipient alternation of

ossicles. The study of such Crinoid genera as Platycrinus and Encrinus long ago

convinced us that the biserial arm in them and their allies was gradually evolved from

the uniserial. The brachioles of Blastoids and Cystids difi"er from the Crinoid brachium,

not merely in more fundamental features, but also in the fact that they are invariably

biserial and present no trace of an anterior uniserial stage. It would therefore be of

much interest if we could prove this slightly modified uniserial arrangement to be

characteristic of the earliest known species of Dendrocystis.
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§ 101. Measurements of the Brachial Appendage in millimetres are :

—

Length. Proximal Width. Distal Width.

E 16028
E 16026

19-3

16

2-3

2

•4 then rapidly tapering.

•9 so far as seen.

§ 102. Vent. The sugar-loaf plate and adjacent small plates are depicted in

Barrande, pi. 27, ff. 20, 22, on the left of the stem, their relation to the brachial

appendage being uncertain. A similar appearance is presented by the original of

Bai!Rande, pi. 27, f. 1 (our PI. I. fig. 2), and less decidedly by Brit. Mus. El 6024.

But neither Barrande's figures nor our specimens clearly show any structure obviously

comparable with the vent of D. scotica. Repeated search and further preparation of

all the available material have at last revealed in E 16102 the arrangement drawn in text-

fig. 7 (p. 374). Here, between the sugar-loaf plate and the stem, are several elongate

plates converging towards a point on the margin below the sugar-loaf plate. That

point was, one can hardly doubt, the position of the actual vent. In both E I 6006 and

E 16 102 the thecal margin ascends from the sugar-loaf plate towards a rather angular

projection (§ 58).

§ 103. Stem, measurements in millimetres :

—

Total Length
Preserved.

Length of

Proximal
Region.

Width at

Proximal

End.

Width at

Distal End.

Ratio of known
Length to Height
of Theca [viz.]

E 16024
E 16025
E 16027
E 16006*

16

35
25
46

7-4

7-5

8

8

7

6'7

5

21
1

2

1-5

1-79

11
1-84 [ca.

"17-5'

"19-5'

22-6'

25

Owing probably to the irregular fracture of the quartzite, no specimen retains the

complete stem. It is therefore likely that the total length was normally quite twice

the height of the theca.

§ 104. The Distal region does not diff"er essentially from that of D. Sedgivicki

(see §§ 82, 122). The length of the ossicles is about twice the diameter : thus in a stem

with diameter ca. r4 mm., the length is from 2'5 mm. to 3 mm. ; but in El 6027,

with a diameter 2 mm., the unusual length of 7*5 mm. is to be seen.

§ 105. The Median region manifests a rapid increase in width, with a rapid decrease

in the height of the ossicles, which grow slightly more swollen, though with thinner

walls, and come to alternate regularly {e.g. El 6027) or to break up irregularly {e.g.

E 16024, PI. I. fig. 3).

§ 106. The Proximal region is markedly annulate, but the projecting rings are

* Tliis is a squeeze from the original of Bakrandk, pi. 27, f. 1.
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composed of the alternating dimeres or of ossicles into which these have broken (or

from which they have been formed). Traces of this alternation are still discernible

in the rino-s, which consequently pursue a distorted course round the stem. Whether

or no they form a spiral cannot be proved in the absence of counterparts, but com-

parison with other Cystids suggests that they are true rings. The latter view is

perhaps strengthened by the structure between the rings. This is not easily seen

owing to the coarse matrix, but there is some slight evidence that it is composed of

smaller plates. In every case there seems to be a broader band of small plates between

the theca and the proximal ring.

§ 107. Comparison with Dendrocystis Sedgwichi.—The more definitely cordiform

shape of the theca and the greater dependence of the lobes may be due in part to

different conditions of preservation. For similar reasons the slightly greater relative

width in D. Sedgivicki may be deceptive. In absolute size D. Barrandei is only

two-thirds of D. Sedgivicki.

The greater equality of the thecal plates, and the absence of any that are umbonate

and folded are distinct points of difference. Other differences in the thecal plates, as

of stoutness or definiteness of shape, are too slight to be readily recognised.

The brachial appendage appears to be relatively narrower.

The stem is about twice the height of the theca, whereas in D. Sedgivicki it is three

times the height. The median region does not show the intercalated plates common in

D. Sedgivicki ; and in the distal region the alternation of the dimeres is more perceptible.

For comparison with D. scotica, see § 149,

Dendrocystis Sedgwicki.

(PI. I. figs. 5-9. Text-fig. 8.)

1867. Cystidea Sedgwicki J. BABRANDMj^Syst.Silm. . . . delaBoheme," vol. 3, "Pteropodes,"

p. 179.

1887. Dendrocydites Sedgwicki J . Barrande, " Echinodermes . . . Extraits du Syst. Silur.,"

8vo, p. 223. Also " Syst. Silur. . . . de la Boheme," vol. 7, " Echinodermes,

Cystidees," p. 145, pi. 26; pi. 27, ff. 2, 3, 4, 6-18 (caet. excl.).

See also the works referred to in § 39.

§ 108. Diagnosis.—A Dendrocystis with thecal width about equal to thecal height

;

thecal lobes level with stem-attachment ; antibrachial shoulder rounded off without

projection; plates having greatest diameters from ca. "6 mm. to 4'1 mm., and large

plates often surrounded by small ones ; several in lower third of theca umbonate and

folded. Length of brachiole probably always less than thecal height ; width tapering

from 5 mm. [?as much as 8 mm.] to ca. '9 mm. Length of stem three times thecal

height ; distal region with dimeres faintly subalternate, forming slightly barrel-shaped

columnals ; median region expanding gradually, with dimeres alternating and pushed

apart by intercalated plates
;
proximal region annulate, the rings composed of small

plates, and the interspaces filled with still smaller plates.

§ 109. Locality.—Zahorzan and Trubin, Bohemia.
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§ 110. Horizon.—Very rare in d3, the black micaceous shales of Trubin, which are

only a local facies of d4, rich in Trinucleus ornatus but with no characteristic fossils.

Barrande assigns to Trubin the originals of his pi. 27, ff. 1, 17, and 18 ; but Dr Perner

says that the last is the only specimen unquestionably of that provenance. Very

common in d4, the micaceous shales of the neighbourhood of Zahorzan, which in time

approximately correspond to the passage from Llandeilian to Caradocian.

§ 111. Material.—For reasons previously given (§§41, 92), of the specimens definitely

mentioned by Barrande only those from Zahorzan can be regarded as syntypes. But

to save future confusion 1 select as Lectoholotype the original of Barrande, pi. 26.

ff. 6, 7, represented in the British Museum by squeeze E 16005 (our PL I. fig. 5); the

remaining syntypes thus become paratypes. Scarcely inferior in systematic value is

Brit. Mus. E16031 (PL I. fig. 6), received from Barrande with his label "Cystid.

Sedgwicki Barr. D— Zahorzan." E 1 60 18-E 16021 were specially obtained for this

memoir from the R. Bohemian Museum (PL I. figs. 7, 8, 9). That museum has also

enabled me to study the Trubin specimen (§ 110), squeeze E 16007.

§ 112. Description.—(Text-fig. 8.) Theca. Outline, owing to crushing, not so

clear as in D. Barrandei, but certainly cordiform rather than "ovoid" (Barrande)

or " beutelformig " (Jaekel). Lobes apparently do not project much below stem-

attachment. Narrow end truncated somewhat squarely, with one angle supporting

the brachiole and the other simply rounded off, as shown in Barrande, pi. 26, fi". 1,

12, and the original of if. 6, 7. In the last specimen the lobe on the adbrachial side

seems to be the larger (cf. our PL I. figs. Q,7) \ but no rule can be laid down. In

E16031 (PL I. fig. 6) the tract occupied by the umbonate plates (§§ 52, 115) is convex,

but usually it has been flattened out.

S 113. Measurements of Theca in millimetres :

—

Height. Width Above. Greatest Width.
Ratio of Width

to Height.

Holotype

E 16031
E 16019
E 16021

37
35-5

ca. 31

ca. 27

21

ca. 13-5

ca. 15

9

37-5

32-5

ca. 31
25-5

101
•91

1

•94

Probably the relative width is exaggerated by crushing, but it is not likely to have

been less than "9.

§114. Thecal Plates. —-Diameters observed in the ordinary plates, including

umbonate plates :

—

Holotype ..... "6 mm. to 41 ram.

E 16021 ...... 1-6 mm. to 3-7 mm.
E 16031 1-3 mm. to 4 mm.

The sizes are mixed quite irregularly ; but it is not unusual for a large plate to be

surrounded by small ones (cf. Eocystis longidactylus, Deutocystis modesta).

Thickness of the ordinary flat plates not over '5 mm.
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§ 115. The plates have a smooth surface, and most of them are flat or equably-

curved as a rule, but may be slightly swollen. The umbonate and folded plates in

the lower half of the theca are seen in the holotype, in EI6OI8, E 1(5020, E 16031, and

in Barrande, pi. 26, ff". 1, 8, 18; pi. 27: ff. 3, 6, 12. The only evidence available

(E16031, and Barrande, pi. 26, fi". 1, 6, 18; pi. 27, f. 6) suggests that when these

face the observer, the brachial appendage is on the left (PI. I. figs. 5, 6). The apparent

absence of umbonate plates from some specimens suggests that they occur on only one

face of the theca.

The Stereom has already been described (§§ 53-56).

§ 116. The statements as to the basal plates of the theca (§ 59) rest on the following

evidence. The exposed face of the holotype shows four or five plates adjoining the

stem (PI. I. fig. 5), and this is confirmed in a general way by the British Museum

specimens, though they are obscure. A large plate, with smaller ones appearing to

radiate from it, is seen in the holotype and in E 16019 and E16020; compare also

Barrande, pi. 26, ff". 2, 4, 10, and pi. 27, ft". 3, 6.

§ 117. Nothing can be added to the account of the ad brachial plates (§ 61).

They are well shown in E 16021 (PI. I. fig. 7), and in one of the individuals on

E16019.

§ 118. The Brachial Appendage is well shown in the same individual of E16019,

and the facts are given in §§ 63-66. In the holotype the proximal elements are tele-

scoped in, so as to imbricate distalwards, but this is probably a mere accident of fossil-

isation. The apparent ridging on the interior of the ossicles is seen in an isolated

appendage on El 6018 (PI. I. fig. 9). Slight exterior ridging appears to be shown in

Barrande, pi. 26, ff. 15, 22.

§ 119. Measurements of the Brachial Appendage in millimetres are :

—

Length. Proximal Width. Distal Width.

E 16018
E 16019

Bahrandb, pi. 26, f. 16

14 +
17 +
26-6

3-5

5

4.4

2

1-9

•9

incomplete

incomplete

measured from
the figure

The proximal width is much greater in some of Barrande's figures ; as much
as 8 mm. in pi. 26, f. 2. The appendage was, no doubt, of compressed elliptical

section.

§ 120. The Vent has been fully discussed (§ 74). There are suggestions of the

sugar-loaf plate in two individuals on E 16019 ; but, except for the elongate plates in

E 16031 (PL I. fig. 6), the specimens accessible to me do not shed much light on this

obscure problem.

Here reference may be made to the possible structures connected with the antanal

lobe of the theca (§§ 76-79).
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121. Stem, measurements in millimetres :

—

1

Total Length
Preserved.

Length
of Proximal

Region.

Circa

Width at

Proximal
End.

Width at Distal

End.

E 16021

E 16018

E 16020

75
94

81 complete

15

9

13

9-5

lo"
10-2

17
•8

•7 and then

tapers rapidly to

a point

Of these specimens, only El 6021 preserves the complete theca, and of this the

height is ca. 27 mm. Since the stem here is incomplete its length was at least three

times that amount, and that is likely to have been the usual proportion in the species.

§ 122. Distal region. In El 6020 the extreme tip is seen— a rapidly tapering point

like the end of a cigar (PI. I. fig. 8). There is no sign of any form of attachment here

or in any other specimen ; and there is scarcely room for doubt that this is the com-

plete distal end. Two fragments, which also appear to be distal ends, are preserved in

E16013 (PL I. fig. 9).

The combined dimeres form almost a cylinder, slightly tending to a barrel shape,

with a length of about 4 mm. where the diameter is 2 mm. (El 60 18) or between

1*8 mm. and 27 mm. (El 6021). The lumen has a diameter of 7 mm., and is very

slightly constricted towards the middle of each cylinder (E16018).

§ 123. In the Median region the dimeres at first alternate, and then are pushed

apart by intercalated plates often of lozenge shape. These latter increase in size, while

the dimeres gradually become shorter, so that in the proximal part of this region the

stem is composed of polygons approximately equal in size but irregular in shape

(PI. I. figs. 6, 7).

§ 124. This merges into the Proximal region, well shown in the actual stereom of

El 6021 (PI. I. fig. 7). Here the ossicles are roughly divisible into two sizes. The

larger ones are transversely elongate and are gathered into circlets, interspersed with a

few smaller ossicles to fill up gaps between the larger ones. The spaces between

successive circlets are filled by smaller ossicles, and are depressed. The general effect

is that of a stem composed of columnals alternating in size, or of the flanged columnals

common in Cystids. The more prominent among the larger ossicles are arranged in

vertical series, continuing the larger ossicles of the middle region, or intercalated as the

present region widens towards the theca. The number of these main vertical series at

the proximal end cannot have been less than five or more than eight. In some cases

{e.g. El 60 18) this moderate amount of regularity persists right up to the theca; in

other cases {e.g. El 6021) the ossicles for a distance of some 3 mm. immediately below

the theca are quite irregular, and it is not easy to draw a definite line between columnal

and thecal elements.
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§ 125. There is no direct evidence as to the lumen in the median and proximal

regions. The indirect evidence of crushing shows that it increased in diameter at least

proportionately to the increase in diameter of the stem, and probably much more.

§ 126. Comparison with Dendrocystis Banandei (see § 107), and D. scotica (see

§ 149).

Dendrocystis scotica n. sp.

(PI. 11. figs. 10-25. Text-fig. 9.)

§ 127. Diagnosis.—A Dendrocystis with thecal width nearly 1'5 of thecal height;

thecal lobes extending well below stem-attachment ; antibrachial shoulder produced in

a distinct process ;
plates smooth or some granulate, with greatest diameters from

ca. 1"6 mm. to ca. 6*3 mm., the smallest plates being very few. Length of brachiole

greater than thecal height; width tapering from 4*9 mm. to ca. "4 ram. Length of

stem three times thecal height ; distal region with dimeres abutting to form columnals

of slightly dice-box shape ; median region expanding very rapidly, dimeres dichotomis-

ing
;
proximal region of four columns of wide, hexagonal plates, each with a flange

towards its lower margin, and no smaller plates.

§ 128. Locality.—-Thraive Glen, Girvan.

§ 129. Horizon.—The Starfish Bed in the Drummuck Group (§ 6).

§ 130. Material.—All the specimens are in Mrs Gray's collection and bear the

numbers G68-G128, Gl30, G131, Gl62, G217-G221, G266.

G80 is taken as holotype. The rest are paratypes, except GlOO, Gl31, and

G219, which are too obscure, and G89 and G266, concerning which, see § 142.

All are in the form of imprints, and about half retain their counterparts. Scarcely

a single specimen, however, can be called complete.

§ 131. Description.— (Text-fig. 9.) Theca. Outline clearly marked by the outward

and downward growth of the lobes, which extend well below the stem-attachment ; the

antanal lobe is often more pointed than the other. Narrow end often with almost

parallel sides ; concavely truncate, with one angle passing into the brachiole, and the

other into a stout antibrachial process (§ 140).

§ 132. Measurements of Theca in millimetres :

—

Height. Width Above.
Greatest

Width.

Ratio of

Width to

Height.

G80
G71
G102
G90
G93

21-3

ca. 21

ca. 25

ca. 26

35

15
ca. 15

ca. 15-5

ca. 31

31

35

ca. 33
ca. 37

1-45

1-47

1-4

1-27

1-05

These ratios suggest that the relative height increases with age. If the extension

of the lobes below the stem-attachment be taken into account, this tendency is even
TRANS. ROY. SOC. EDIN., VOL. XLIX. PART II. (NO. 6). 52
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more marked. The amount in millimetres is: G80, 5-2; G71, 37; G102, 6; G90,

6-7; G93, 13.

§ 133. Thecal Plates. Diameters observed in i-he ordinary plates:

—

G80, holotype ..... 1 "6 mm. to 3 '8 mm.

G87 1-8 mm. to 4-8 mm.

G 88 . . . . . . .3 mm. to 6 mm.

G108 2 mm. to 6-3 mm.

There is great variation of size and shape, but the relative number of really small plates

is quite inconsiderable.

Thickness of the ordinary plates, as measured by the space left between cast and

imprint, in Gl05 is '3 mm.

The plates have a smooth surface, and are flat or equably curved, or, in several cases,

slightly swollen. In the lower part of the theca, especially near the vent, the plates

may sometimes show a slight, rather coarse, granulation, e.g. G79, G88 (PL II. fig. 23),

and more obscurely G83.

§ 134. Stereom not preserved ; the brown powder (? iron oxide) that fills the

cavities shows no trace of definite structure.

§ 135. No definite basals, but of the half-dozen or so plates adjoining the stem

some are often much larger than others {e.g. G7l), and their basal margin is thickened

and slightly rounded (PI. II. figs. 10, 11, 12, 24).

§ 136. The adbrachial plates are proved by the hollows left behind them to have

been thicker than the other thecal plates (PI. II. figs. 11, 18 ; see § 133). There is no

such strengthening at the base of the antibrachial process. Indeed, in G96 the lower

part of this appears to have been telescoped in, so that six or seven plates are lying one

inside the other, with a distalward imbrication. In G89 (PI. II. fig. 21) one of the

adbrachial plates has a rounded projection near its side margin ; the bearing of this on

a possible hydropore has already been discussed (§ 80).

§ 137. The Brachial Appendage appears from Gl20 (PL II. fig. 10) to have been

composed of four columns of wide plates, gradually arising as modifications of thecal

plates, and rapidly assuming a regularly alternating position with consequent hexagonal

outline. Two adjacent rows, apparently on the outer side (G98), are thicker and

shorter than the others (PL II. figs. 15, 17, 18a), and between them and the thinner ones

is a large lumen (fig. 186). In accordance with the views maintained above (§ 72),

the thicker plates are comparable with the dorsal elements of a Cystid brachiole.

§ 138. The suture between the outer and inner series of plates may be distinctly

impressed (G87, PL 11, fig. 14), and this suggests a hinge-motion of the supposed

cover-plates.

Several specimens indicate a distalward imbrication of the elements (PL II.

figs. 17, 18a) ; but since there is no trace of this in others {e.g. G87), it is probably

an accident of fossilisation.
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8 139. Measurements of the Brachial Appendage in millimetres are :

—

Length, Proximal Width. Distal Width.

G80 21 33 1-6

G102 26 4-9 2-0

G84 21-5 2-3 •4

G120 ca. 23 3-6 •7

G92 20 + 4-6 2-9 quite in-

complete

G98 ca. 24 4 1-8

G95 34 4-2 •9

Few of these can be regarded as completely preserved. The amount missing at

the distal end may be roughly estimated by considering the diameter of the remainder.

Thus Gr84 is nearly or quite complete, and G92 broken off relatively low down.

In G80 and Gl02 the height of the theca is almost exactly equal to the length

of the appendage preserved. In G 84, where the appendage is most complete,

the theca has a height of only 13 "6 mm., less than two-thirds the length of the

appendage.

§ 140. The Antibrachial Process is so pronounced a feature of this species that

it calls for separate description. Traces of it are frequently to be seen, but most

specimens are so broken that the two processes—brachial and antibrachial—are rarely

found in association. G80 was taken as holotype, because it shows both processes

clearly (PL IL figs. 11, 12). Here the antibrachial is well defined and springs almost

abruptly from the theca; it is 9*5 mm. long, 3'4 mm. wide, and is composed of about

four columns of plates, which diminish in size distally. In Gl20 also (PI. II. fig. 10)

the process is very distinct: ca. '9 mm. long, 3*7 mm. wide, and composed of regular

hexagonal plates, which, except at the extremity, are 2 mm. long and 2 '4 mm. wide.

In G82 (PI. II. fig. 13) the process is still more prominent, and is curved upwards, so

that it and the brachiole look like a pair of incurved horns ; though not quite complete,

it attains a length of 17 mm., with a width decreasing from 6 '5 mm. to 3*8 mm. ; the

plates appear to be hexagonal, about 3 mm. long and 2 mm. wide, that is to say,

elongated in harmony with the length of the process.

§ 141. The evidence for the position of the Vent in the genus as a whole depends

so largely on the facts afibrded by this species, that the evidence must be given in

detail.

In a number of specimens, at the lower edge of one of the proximal lobes of the

theca, there is an appearance as of several small, closely -set, imbricating plates, their

long axes tangential to the outline. This is seen in the holotype (G80), also in G69,

G70, G79, G83, G88, G90 (two individuals), Gl02, Gl06, GllO, Gll2, Gll5,

and Gr28. There are very few specimens presenting both sides of both lobes that

do not show this appearance (see especially PI. II. figs. 23-25).
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In Gl02 some of the smaller plates radiate from a point (PL IT. fig. 25), and there

is a suggestion of the same arrangement in others.

§ 142. G89 and G266 (PI. II. figs. 21, 22) seem to lie in a rather different position

from the majority of the specimens, and in them smaller plates surround six or seven acute-

angled triangular plates, which meet by their apices as in a valvular arrangement. The

point of convergence is to the adbrachial side of the middle line, towards the observer's

right, and lies at some distance from the lower margin of the theca, viz. 6 "4 mm.

in G89, and about 8"5 mm. in G266. These two specimens seem further peculiar in

the possession of a more definite margin to the theca than is usual in the genus, and

in the presence of rounded bosses or knobs on some of the plates (§ 136); one such

boss is near the margin on the adbrachial side, at the level of the vent. The position

of the brachiole indicates that this is the reverse face. It is possible that these specimens

represent a distinct species.

§ 143. The brachial appendage, whenever retained, as in GSO, Gl02, GllO, Gll5,

is on the same side of the theca as the plates in question (PI. II. figs. 10, 11).

§ 144. From these facts it may be inferred that the anus, closed by a sphincter, was

in the adbrachial lobe, very close to its adcolumnal border ; that it was surrounded by

small plates, those immediately encircling the vent being elongate and triangular ; that

these plates did not form actual valves capable of opening as in so many Cystids,

but, though lying side by side when the muscles were relaxed, could be drawn up

with the folding of the integument and partially imbricated when the sphincter con-

tracted ; and that this looseness of structure led to some imbrication when, in process

of fossilisation, the periproctal integument was squeezed to the edge of the lobe. This

position of the vent and arrangement of periproctals are paralleled in Pleurocystis

(§§ 382, 383).

§ 145. Stem, measurements in millimetres :

—

Total

Length
Length of

Proximal
Width at

Proximal

Width at

Broken
Height of

Theca.
Preserved. Region. End. Distal End.

G71 30 11-7 7-5 1-6 ca. 21

G91 78-5 14-5 6-7 11 ca. 26
G93 72 15 8-5 2-4 35
G105 81-5 16 7 1-6 ca. 30
G90 30-5 16-5 7-7 2-3 ca. 26
G92 67 19 7-6 2-4 ca. 30

In no specimen is the distal extremity preserved, so that neither its form nor the

total length of the stem is known. It is also unfortunate that a considerable length

of stem is rarely attached to a complete theca. Of those measured, G91 is probably

the most complete, and here the stem is more than three times as long as the theca.

In G93, G105 (PI. II. fig. 19), and G92, the stems, though manifestly far from
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complete, are more than twice as long as the theca. It seems safe to accept the propor-

tion 3 : 1 as generally correct, and to infer that it did not decrease with advancing age.

This proportion is the same as in D. Sedgwicki.

§ 146. In the Distal region the dimeres abut, with scarcely a trace of alternation,

tQ form a cylinder tending to a dice-box shape. In Gl05 (PI. II. fig. 19) the lengths

of these columnals, starting from the proximal end, are 4"3. 6"8, 7'6. 7'8, 7*8, 6*4, 5,

4*3 mm. The diameters of the more proximal are 2 3 mm. at their ends, and 2*1 mm.

in the constricted middle ; thence the stem tapers gradually to a diameter of 1 '6 mm.

near the broken distal end. The lumen of each columnal also has a dice-box shape,

rather more emphasised, the respective measurements being 1'2 mm. and '6 mm.

§ 147. The Median region constitutes merely a very rapid transition to

—

§ 148. The Proximal region, well seen in GIOd and G90 (PI. II. figs. 19 and 20).

The measurements given above (§ 145) are slightly increased by the crushing of the

specimens. In the holotype, Gr80, the width of the stem-attachment is 10"5 mm.

The region consists of four vertical columns, arising by dichotomy of the distal

dimeres ; each is composed of about ten plates, which are thin, wider than high, alter-

nating, and consequently of hexagonal outline. Each has a rounded flange towards its

lower margin, more marked in those nearer the stem, and sometimes slight subsidiary

ridges. In G70 the flanges are ornamented with vertical ( = axial) granular ridges, as

in Pleurocystis. There is often a tendency to imbrication, the more proximal plates

overlapping the more distal, e.g. G93.

The proximal region does not merge into the theca (cf § 87).

§ 149. Comparison with Dendrocystis Sedgwicki and D. Barrandei. — The marked

extension of the lobes gives to the theca a width nearly half as great again as the

height, instead of equal to or less than the height. In absolute thecal height the

species is about half-way between the two others. The antibrachial process is a very

distinctive character. In the absence of folded plates and in the paucity of very

small plates, D. scotica agrees with D. Bai'randei, but differs from both species in the

greater absolute size reached by the plates, and perhaps in the occasional granular

ornament (§ 133).

The brachial appendage is relatively and absolutely much longer, and in width

resembles that of D. Barravdei rather than of D. Sedgivicki ; it is more sharply

separated from the adbrachial plates of the theca. (See further § 63.)

If the sugar-loaf plate and its surroundings really are connected with the vent in

the Bohemian species, then D. scotica differs from them both in the position of the

anus and in the shape of the periproctal plates.

The stem, though retaining the same relative length as in D. Sedgwicki, is rather

narrower in the distal region, and the dimeres have almost lost all trace of alternation.

The constriction of the distal columnals and of their lumen, the almost complete sup-

pression of the median region, and the regular structure of the proximal region are all

characteristic features.
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Dendrocystis rossica.

(Text-figs. 10-12.)

1901. Dendrocystites rossicus 0. Jaekkl, Zeitschr. deutsch. geol. Gesell., vol. 52, p. 673.

§ 150. Diagnosis.—A Dendrocystis with distal region of stem compressed, with

dimeres alternate to subalternate and keeled.

§ 151. Locality.— Near Kuckers, Esthland.

§ 152. Horizon. — " Brandschiefer," C2 of F. Schmidt, usually regarded as corre-

sponding in time to the Upper Llandeilian ; Bassler (1911, p. 38) correlates it with

the upper part of the Black River Group.

§ 153. Material.—Brit. Mus. E7653, viz. two isolated dimeres (a and b) and one

columnal of united dimeres (c), being syntypes presented by Prof. Jaekel out of his

original material, which has never been described.

Text-figs. 10-12.—Dendrocystis rossica. Drawn from Brit. Mus. E7653, enlarged 2 diameters.

Fig. 10.—Restoration of a part of the distal region of the stem.

Fig. 11.—Inner face of dimere «, showing the lumen, ^fote the slight locking tooth at the top

of the proximal slope.

Fig. 12.—Distal joint-face of the same dimere.

Text-fig. 13.

—

Dendrocystis (?) -paradoxica. Outline of the holotype, traced from Billings'

original figure ; natural size.

§ 154. Description.—No other part of the fossil was mentioned by Prof. Jaekel, but

he tells me (in litt. June 29, 1912) " es war sicher ein Kelch an dem Stiel, und meines

Wissens auch oben das ' arm '-artige Organ." Unfortunately he has not been able to

lay his hand on the specimens, so my remarks must be confined to the distal region

of the Stem.

In E7653 c the dimeres form at one end an almost level joint-face ; but since they

are of unequal length, alternation of the dimeres is induced at the other end, and of

course in the succeeding elements. The length of the longer dimere is 7 "5 mm.; that

of the shorter, 6 '8 mm. Greatest diameter in the compression-plane is about the

middle of the columnal, 6'4 mm.; the corresponding diameter at the level joint-face is
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5 '6 mm. Greatest diameter at right angles to the compression-plane, 3 '2 mm., or

exactly half the other diameter ; the corresponding diameter at the level joint-face is

2*3 mm. The other specimens differ in the greater absolute size of the dimeres, and in

the oreater alternation ; thus, in a dimere 10"5 mm. long, the angle that marks the level

to which the adjacent dimere rose is 6*4 mm. from the end (text-fig. 10).

At the sides the dimeres slope to a sharp edge, which may bear a thin keel, usually

more pronounced towards the ends of the dimere (text-fig. 12).

In connection with the alternation of the dimeres, the median suture follows an

extended zigzag of gentle curves. It is slightly depressed (text-fig. 10).

The lumen, which has a diameter of "3 mm. in the largest specimen, follows a

straighter course (text-fig. 11). This is brought about, first, by the lumen being more

deeply sunk in each dimere ovei- the middle of its length ; secondly, by the slope of the

sutural faces, which in the neighbourhood of the angle slope towards the lumen, but

near the ends of the dimere slope away from it. This variation of slope tends to pro-

duce a slight locking of the dimere on one side between the two on the other side

against wliich it abuts. The sutural faces are smooth or slightly granular, and the

shorter of them may have a slight median tooth, which emphasises the locking.

The joint-faces at the ends of the dimeres are flat and more coarsely granular ; the

granules are thrown into wavy lines with a tendency to radiate, thus producing a some-

w^hat vermicular appearance (text-fig. 12).

Dendrocystis (?) paradoxica.

(Text-fig. 13.)

1859. Syringocrinus paradoxicus E. Billings, Canad. Org. Rem., dec. 4, p. 65, pi. 10, f. 14.

1881. Syringocrinus paradoxus [sic] Bill., "Parts of the ai'ms (?)," C. Wachsmuth and

F. Springer, Proc. Acad. Nat. Sci. Philadelphia, 1881, p. 411.

1900. Syringocrinus paradoxus [sic] Bill., F. A. Bather, "Treatise on Zoology: Echino-

derma," p. 48.

§ 155. Diagnosis.— A Dendrocystis (?) in which the stem has a distal region

flattened, subcylindrical, with short dimeres regularly alternate distally and becoming

subalternate higher up ; median region expanding very gradually, with dimeres opposed

and (apparently) separated by intercalated plates
;

proximal region composed of

numerous very thin wide plates ; no others observed.

§ 156. Locality.—Beauport, near Quebec.

§ 157. Horizon.—Trenton Limestone. From the locality one infers that the bed is

the Prasopora limestone at the top of the Kirkfield series (cf. § 406).

§ 158. Material.—The specimen figured by Billings is of course the holotype, but

it appears that other more fragmentary specimens were found.

§ 159. Remarks.—I have drawn up the diagnosis on precisely the same lines as those

of the other species
; but it is scarcely enough for the discrimination of the species.

The only point one can seize on is the regular alternation of the dimeres at the distal
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end, since this is more marked than in any species except D. rossica, from which

D. paradoxica differs in the absence of a keel.

Billings gives the greatest diameter of the distal region as a line and a half,

i.e. 3 mm. ; the length of the ossicles as drawn is TQ mm. or less. In all the other

species the length of the dimeres in the distal region considerably exceeds the diameter

of the stem.

The proximal region seems to have been annulate, and the rings closer than in

other species.

Billings' description of the columnals as forming "a tube " indicates a wide lumen
;

but this may refer mainly to the proximal and median regions.

From these details of structure, there can be no doubt as to the distinctness of the

species. At the same time, as I suggested in 1900, it is almost certainly a Dendro-

cystis, and as such of much interest to the student of distribution. (See further

§§ 42, 562.)

Fam. nov, Cothurnocystidae.

§ 160. Diagnosis.— Amphoridea Heterostelea with a compressed theca of boot-

shaped outline, framed by marginals, between which stretches a finely-plated

integument ; with vent and intake both on the same face of the theca, the vent at the

end of the leg of the boot, the intake in the form of several openings, arranged in a row

near the toe of the boot, and each connected with a short subvective groove ; with a

stem attached to the sole of the boot,, at the hollow of the foot, comprising three regions,

a wide proximal composed of dimeres, a median consisting of a conical reducing piece,

and a distal composed of cylindrical columnals gradually tapering.

§ 161. The Family at present contains only one genus, which, in allusion to the

boot shape of the theca, is named from Kodopvoi;, cothurnus—

Cothurnocystis n.g.

Diagnosis.—Same as that of the Family.

Genotype.

—

Cothurnocystis Elizae (§ 170).

Other Species.

—

Cothurnocystis curvata (§ 208).

§ 162. Description of the Genus.—This summary, though involving much repeti-

tion, seems necessitated by the strangeness and novelty of the structure. For the sake

of clearness and brevity, some expressions connoting a certain habit of life are here

employed, although the arguments by which they are justified have to follow the

detailed descriptions of the species.

The flattened Theca, of boot-shaped outline, and with a general structure indicated

above (§ 160), lay on the sea-floor, always with the same face undermost.

§ 163. Viewed from this Under or Reverse face (text-fig. 14), the elongate gutter-

shaped Marginals are seen to form a complete Frame ; and this is kept rigid by a Strut,

made up of a downward process from a marginal on the instep meeting an upward
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process from a marginal at the hollow of the sole. Thus the enclosed area is divided

into a toe-half and a heel-and-leg half; and each space is filled by a finely-plated

Integument, attached to the edges of the channelled marginals on the side next

the observer.

§ 164. At the toe end, the boot is upturned and prolonged into a spine, like a

pointed mediaeval shoe. At the opening of the leg are, in the genotype, two flattened

processes : one comparable to the tag by which a boot is pulled on, the other like a

large projecting boot-tongue.

§ 165. Some of the marginals bear large Knobs or spines, projecting at right angles

tongue

toe-spine

heel ball of foot

tag

heel

Fig. 14.—Reverse. Fig. 15.—Obverse.

Text-figs. 14, 15.

—

Cothurnocystis Elizae.

Reconstructions of the two faces, based on the various specimens mentioned in the text. Probably no individual quite

reached the size of these figures, though a few fragments come very near it. The numbers 1-11 refer to the marginals beside

which they are placed. The proximal and median regions of the stem are drawn, with a few columnals of the distal region.

KiG. 14.—The reverse face, showing the strut, the knobs on 2, 3, 6, and 7, and the flattened plates of the integument.

Fig. 15. The obverse face, showing the vent, just below the number 11, the subvective system by marginals 5 to 7, and the

irregular rounded plates of the integument.

to the plane of thecal extension. These, one supposes, served as legs to support the

framework above the level of the loose sand and to hinder it from being dragged by

currents. They are placed, in both species, one at each lower {i.e. adcolumnal) corner

of the theca, and, in C Elizae only, one half-way up each side, so that the centre

of gravity of the theca would tend to lie above them. The balance, however, is

restored by

—

§ 166. The Stem, of which the main characters are given above (§ 160). It is

attached to the frame, in the hollow of the sole, on the side of the strut next the ball of

the foot. Its tapering to a fine point proves that it was used neither for support nor

for attachment.

§ 167. Viewed from the Upper or Obverse face (text-fig. 15), the frame differs in

TRANS. ROY. SOC. EDIN., VOL. XLIX. PART II. (NO. 6). 53
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two particulars : first in the absence of a strut ; secondly, in the fact that the top of

the leg, at the base of the tag and tongue processes (§ 164), is not enclosed, but is filled

with the wrinkled integument that surrounds the Vent.

§ 168. The integument of the obverse face is attached to the edges of the marginals

on this face, in the same way as that of the reverse face, from which it differs in the

slightly greater fineness of its plating, accentuated towards the vent.

§ 169. This face is further marked by the Subvective System, which differs from

that of all other echinoderms. In the toe-half is a peculiar area, at first suggestive of an

elongate pectinirhomb, lying alongside the frame from the stem to the toe. This area

is occupied by a number of short subvective grooves, approximately at right angles to

the adjacent frame. The number of these varies from about thirteen to forty-two,

according to the species and the size of the individual. Each groove is protected by

alternating cover-plates. In each groove, at the end furthest from the frame, a hole

leads to the thecal cavity. This is regarded as a mouth, opening into the gullet ; it

is bounded on the side away from the groove by a hood-shaped rim, and the groove

itself is bounded by a slightly-raised rim ; these two rims do not appear to have been

rigidly united.

Discussion of the Habits of the animal and of the Relationships of the genus is

postponed till after the description of the species (§§ 223, 245).

Cothurnocystis Elizae n. sp.

(Plate III. figs. 26-38. Text-figs. 14-23.)

§ 170. Diagnosis.—A Cothurnocystis with outline of frame markedly boot-shaped

;

with integumentary plates normally flat and tessellate ; with subvective grooves of

elliptical outline, having diameters as 1 : 3, and occupying an area immediately adjacent

and parallel to the curve of the boot-sole.

In naming this species, by permission, after Mrs Elizabeth Gray, I desire to

commemorate her zeal in collecting so rich a series, and her acumen in recognising the

peculiar shape and the Cystid nature of these extraordinary fossils.

§ 171. Locality.—Thraive Glen, Girvan.

§ 172. Horizon.—The Starfish Bed in the Drummuck Group (§ 6).

§ 173. Material.—Sixty-six specimens, all in Mrs Gray's collection. G6 is taken as

.holotype (PI. III. fig. 28).

The paratypes include the following specimens definitely referred to in the descrip-

tion : G3, GlO-14, Gl7, Gl8, G22, G23, G25-27, G31, G32, G34, G36, G39-43, G45,

G46, G50-59, G64, G267-269 ; also the following examined and referred with cer-

tainty to this species : G4, G8, G9, G 1 6, G 19-21, G28-30, G35, G44, G47-49, G65,

G66, G191.

G204 (PI. IV. fig. 47) may be a portion of a young individual of this species.
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There are also some more incomplete specimens placed here provisionally, viz. :

G7, G37, G60-63, G202, G215, G225.

G64 preserves traces of the stereom in stem, frame, and integument. All the other

specimens are in the form of imprints, and about half retain their counterparts. The

description is based on squeezes taken from these.

§ 174. Description.—The Thecal Frame, as viewed from the obverse side, forms

an outer border of irregular boot-shape, as shown in text-fig. 15 (PL III. figs. 27, 31).

In this view, the toe of the boot, with its long spine, is always to the left of the ob-

server, the leg with its tag and tongue processes are to his right. The hollow of the

sole lies at the attachment of the stem, the ball of the foot being to the left and the

heel to the right. At the heel the frame bends upwards sharply, at a right angle to the

sole, or even less ; at the ball of the foot, either it bends perceptibly but at an obtuse

angle {e.g. G26), or curves round gently towards the toe [e.g. G45). The reverse view

(text-fig. 14) shows another element of the frame, the Strut, continuing the fore-side

of the leg down to the sole, which it joins on the heel-side of the stem (G42, G40,

G26, G6, G41 ; for the last three, see PI. III. figs. 26, 28, 37).

§ 175. The frame is built of several elements—Marginalia, and, since the sutures

between these seem to correspond precisely on the two faces, and there is no sign of

any median joint in the extension-plane, we infer that they are arranged in single series.

The evidence of the sutures, gleaned from all available specimens, shows that the

positions of the marginals are almost constant, and that their number is normally

twelve, occasionally thirteen. Their relations are more conveniently studied on the

reverse face ; therefore, taking that face and beginning at the top of the leg, below the

tag, we number the marginals all round the theca, in a contrasolar direction.

§ 176. Marginal 1 is a short straight piece, immediately below the tag, which it helps

to support.

§ 177. Marginal 2 is rather longer than 1, is straight or slightly bent, with the

concave curve outside. About the middle of its length it bears a knob (G22, PL III.

fig. 30).

§ 178. Marginal 3 is L-shaped and forms the heel. The vertical limb of the L is

rather short, the angle itself is usually broadened and thickened, the horizontal limb is

usually longer and narrower. In addition to, or distinct from the thickening of the

angle, there is a knob at the angle end of the horizontal limb (see Gl2, Gl3, G33
;

also PL III. figs. 28, 37).

§ 179. Occasionally a short knob-bearing piece, 3a, intervenes between marginals
| ^^^n-^tX^^

3 and 4, and in that case the horizontal limb of the L is correspondingly shortened 22.1, >- p-.TS;

(see G33 and G41, PL III. fig. 37). I

'^^"4I^^f'-.

§ 180. The middle line of the stem coincides with the suture between marginals

4 and 5, which embrace the stem-lumen by their apposed ends (PL III. figs. 31, 36).

Marginal 4 sends a process upward, on this reverse side, to form the lower part of

the strut.

i8->a-l^5'8
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§ 181. Marginal 5 is a simple short piece.

v^ 182. Marginal 6 is longer and curved, forms the ball of the foot, and bears a knob,

recognised in G6, Gl2, G26, G40, G42, G55, G56, G58 (PI. III. figs. 26, 36).

§ 183. Marginal 7 continues the upward curve towards the toe, and it also bears a

knob (G26, PI. III. fig. 26).

§ 184. Marginal 8, the toe-piece, is prolonged into an upturned point or fixed spine,

which appears as a rule to have curved inwards, i.e. towards the leg of the boot, as in

G26 (PI. III. fig. 26), although in G45 (PL III. fig. 31) it seems to be curved outwards.

It is rarely visible, probably because it rarely lay precisely in the extension-plane of

the theca ; but whether it was defiected as a rule away from or towards the reverse face

[i.e. hypothetically towards the sea-floor) is not clear from the evidence. At its proxi-

mal end this piece is forked, one quite short branch resting on marginal 7, the other

branch, which is longer, passing on to the top of the foot and meeting

—

§ 185. Marginal 9, a three-rayed piece, of which a long horizontal branch meets the

process of marginal 8 just mentioned, while of the two other branches one passes up to

the leg, the other down to meet the upward process of marginal 4, with which it com-

bines to form the strut (PL III. fig. 26). It should be remembered that the latter pro-

cesses are only on the reverse face of the theca, so that the strut does not divide the

thecal cavity, a fact which is obvious in PL III. fig. 31.

§ 186. Marginal 10 continues the upward process of marginal 9, and forms the

front of the leg. At its upper end it widens and abuts on a broad flattened marginal

11, only seen completely on the reverse face (PL III. fig. 30). These two pieces (10

and 11) support the tongue process (§ 190).

§ 187. The flattened piece 11 meets a similarly flattened piece 12, springing from

marginal 1, and the two bridge over the opening of the leg on the reverse face only

(PL III. figs. 28, 30). Marginal 12 sends a narrow flattened process down the whole

inner side of marginal 1 (G 22). These two marginals support the tag process

(§ 189).

§ 188. The knobs mentioned in the preceding account of the marginalia are con-

fined, if not entirely, at least with very rare exceptions, to the reverse face of the theca.

They project from the marginals, usually at right angles to the plane of extension, so

that it is very difl&cult to trace their course or to appreciate their length in the fossils.

In some specimens they appear to be short stout processes, for which the term " knob"

is perfectly appropriate, but in others they appear to have been produced into rather

long spines not very unlike the toe-spine. These diff'erences probably depended on

the immediate environment of each individual (§ 234). The knobs have been observed

on the reverse face of marginals 2, 3, 3a, 4, 6, and 7. Their normal and most constant

positions seem to be at the heel (marginal 3), at the ball of the foot (marginal 6), and

half-way between these points and the top of the leg (marginal 2) and the toe

(marginal 7) respectively. But, even when others are developed, as on 3a and 4, all

are confined to the lower or proximal half of the theca.
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^ 189. The tag process, which is borne at the outer angle of the leg by marginals

1 and 12, was attached to the frame either by suture or possibly by articulation (G22,

PI. III. fig. 30). Its distal portion is bent away from the heel over the opening of

the leg, and seems to have been flattened.

§ 190. The tongue process is supported mainly by marginal 11 and partly by

marginal 10, and was perhaps joined to them by articulation (G22, Gr26, PI. III. figs.

30, 26). It is much longer than the tag process, is bent in the same direction, that is,

away from the leg-opening and towards the toe, and is often flattened in the plane of

extension (G26, G45, G53). In G64, where the actual stereom is preserved, the

tongue appears to be about half as thick as it is wide.

§ 191. All the marginals, except for their various spines and processes, have a cross-

section of somewhat U-shape, and to each edge is attached the flexible Integument

bearing minute plates. The integument of the reverse face is likewise attached along

the edges of the strut, and along the under-edges of the broad extensions that meet at

the top of the leg. The integument of the obverse face stretches over the whole area

within the frame, and passes across the top of the leg. The reason why there is no

extension of the frame in this region on the obverse face is that here lies a definite

opening in the integument (§ 199).

§ 192. The plating of the integument is not the same all over. The plates appear

to have been a trifle larger on the reverse face than on the obverse (G6) ; those within

the leg-half are often rather larger than those in the foot-half; and within the foot-

half the plates nearer the sole are smaller than those above (Gl4). All these plates

appear as a rule to be irregular, flattened, and tessellate, but in the leg-half they

frequently show signs of imbrication {e.g. G41, G46, PI. III. fig. 37). In the leg-half

of G45 there are about nine plates within 4 sq. mm. (PI. III. fig. 31).

§ 193. On the obverse side the plating appears invariably to consist of larger,

rounded, slightly swollen plates surrounded by smaller plates, as well shown in G42
and G 45 (PL III. fig. 31). The arrangement is not exactly regular, except that

sometimes near the margins the plates are set parallel to the frame, but it is of

the same nature throughout and not imbricate. The appearance is just that of a

rather roughly grained bookbinder's morocco. In G45 (PI. III. fig. 31) there are

nine of the larger plates with an indefinite number of the intercalated smaller plates

within 4 sq. mm.
There are, however, on the obverse side two important modifications of the plated

integument, one connected, I believe, with the intake of the food-current (§ 195), the

other with its outflow (§ 199).

§ 194. Traces of the original Stereom of some marginals, of the tongue, and of some

mtegument plates, as well as of the proximal region of the stem, are preserved in G64.
From this and from G26, one gathers that the stereom of the marginals and longer

processes was finely fasciculate.

I 195. The modification for the Subvective System lies on the obverse face,
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entirely in the foot-half, and occupies a tract close to the sole and parallel with the

upwardly curving frame (PI. III. figs. 27, 31, 33, 34). Here are a number of roughly

elliptical areas, each with its long axis at right angles to the frame. The number

varies slightly within the species, possibly increasing with the age of the individual.

In such a large individual as G45, the number is fifteen, and probably this is almost the

maximum for the species. The ratio of the two diameters of the ellipse is 1 : 3. The

actual measurements vary slightly with the size of the individual, and the ellipses

towards the ends of the tract are smaller than those in its middle region. In G45 the

long diameter of the full-sized ellipses is 3 mm., and the length of the whole tract

is 177 mm.

§ 196. Each elliptical area is in this species surrounded by a raised rim, which

clearly marks it off from the adjoining integument (text-fig. 16). This rim is divided., at

Fig. 17. Fig. 18.

Fig. 16.

Text-figs. 16-18.

—

Cothurnocysiis Elizac, elements of the subvective system, enlarged about 12 diameters.

Fig. 16.— External view of two grooves. That on the left is drawn directly from G45 ; it sliows the shape of

the short u and the long U, and the slight rebate for cover-plates on the latter. That on the right shows

a similar groove, with the cover-plates in position, on the evidence of G17 and other specimens.

Fig. 17.—Internal view of a groove, based mainly on G 36, in which the elements are relatively long and

distinct from those adjacent (cf. PI. III. fig. 35).

Fig. 18.— Internal view of a groove, drawn from G 10, in which the elements are relatively short, and appear

as though joined to those adjacent (cf. PI. III. fig. 36).

about two-thirds the distance from its outer end, into an inner short u and an outer

long U, meeting by their free ends, towards which the substance of the rim tapers.

The outer edges of the rim are rounded, but the inner sides are steep, being almost

vertical in the short u, but having in the long U a slope plainly visible to anyone

looking from above, and lying so as to make the inner boundary of the long U more

V-shaped than U-shaped.

§ 197. These essentials of the structure are confirmed by those specimens which

yield an imprint of the interior {e.g. G36). There project into the thecal cavity bold

V-shaped ridges, with the free ends of the V slightly enlarged so as to butt on the free

ends of the short u-shaped ridges (text-figs. 17, 18). These enlarged ends probably

served as fulcral planes over which the free ends of the short u could glide. Thus in

several specimens, seen from the outside, the short u seems to be pushed up so as to
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form a hood over that end of the ellipse ; in these cases the free ends of the short u

have been depressed, gliding downwards over the free ends of the long U or V.

§ 198. As seen from the interior of the theca, the ridges bound very deep cavities,

which present every appearance of being actual openings through the thecal wall.

Seen from the exterior, however, these supposed openings are generally filled to a

varying extent with small fragments. It must be borne in mind that, since the stereom

has entirely disappeared, all these appearances have to be interpreted and described

from squeezes in wax or gutta-percha. Had these small fragments been merely grains

of sand, they would be still in existence. The fact that they are represented only in

the squeezes shows that they were made of a material that has disappeared. Probably,

then, they represent some skeletal elements. Various possibilities suggested themselves,

but careful examination and comparison of all the available material (especially G34,

G52, G54, and G-57) ultimately led me to an interpretation which received its final

confirmation from Gl7. Here some seven of the elliptical areas are clearly preserved,

with traces of two or three others. The short u piece is erected to form a strongly

projecting hood, in the manner described above ; and it was this projection, doubtless,

that led to the better preservation of the structures contained within the rim. These

structures are here seen to be rather granular and slightly irregular plates, about eight

in number, disposed in alternating series so as to cover the opening and apparently

with a slight imbrication in the direction of the hood (text- fig. 16). I conclude, there-

fore, that these elliptical areas represent actual openings through the thecal wall, that

the long U of the opening was protected by movable cover-plates similar in appear-

ance and function to those of the ordinary pelmatozoan subvective system, and that the

short u of the opening was protected by the erection of its own bounding wall to form

a hood, which, on occasion, could meet the closed cover-plates and so shut in the whole

opening {e.g. G50).

The proof that these structures represent the subvective system is reserved for the

general discussion of the habits of the animal (§§ 226-230).

§ 199. The Vent or Anus (PI. III. fig. 38) is placed on the obverse side at the

top of the leg, in a position corresponding to the transverse extensions of the plates

on the reverse, and its presence is indicated in the better preserved specimens (G6,

Gil, G22, G23, G25, G26, G39, G45) by a radiating arrangement of the small plates,

which here become minute. These radiating lines converge to a point in about the

middle line of the leg, sometimes apparently below the top of the frame, at other times

level with it, or even rising above it, so that in the last case the plated skin of the

obverse side forms an extension visible from the reverse side (G22, PI, III. fig. 30
;

also G23, G26, G39). It is to be inferred that the integument in this region was very

flexible and extensile, and that the anal opening could be protruded or retracted.

§ 200. The Stem is attached to the thecal frame by means of marginals 4 and 5,

so that the suture between those two plates lies in the middle of the stem-

attachment.
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The stem may be divided into three parts : a proximal region, of four pairs of

ossicles ; a middle region, of one large conical columnal ; and a distal region, of narrow

circular columnals.

§ 201. The ossicles of the Proximal region {text-figs. 19-23) may be regarded most

simply as four rings, each split in two by a vertical suture corresponding with the

suture at the thecal base. The lumen of this region was wide, and so far as can be

made out (see especially GrIO, PI. III. fig. 36 ; also G26) the thin and possibly folded

edges of marginals 4 and 5 dipped into it. These half rings or dimeres often alternate

at their edges (text-figs. 19, 21), but this arrangement may be due to post-mortem

shifting. The same cause may have given rise to an observed imbrication, now in a

Fio 19. Fm. 20.

Fig. 21 Fig. 23.

Text-figs. 19-23.— CothurnocysUs Elizae. Sketches of the proximal and median region of the

Stem, enlarged about 2 diameters.

Fig. 19.—From G45, obverse view. Note the granular ornament.

Fig. 20.— From G6, reverse view. Note the fused dimeres of the fourth pair (cf. PI. III.

fig. 28).

Fig. 21.— From G 25, reverse view. Note the irregularity and ])artial alternation of the dimeres.

Fig. 22.— From G 59, reverse view. The dimeres are shifted, and expose a grooved under surface.

Fig. 23.—From G 42, reverse view. The dimeres are much disturbed and their grooved structure

plainly indicated.

distal, now in a proximal direction (text-fig. 22) ; but often the rings abut regularly,

and this seems to be the more normal arrangement. The actual structure seems to be

that the lower joint-face of each dimere is grooved to receive the upper joint-face of

the dimere above, but sometimes the outer margin of the groove may be the more

developed, as in G6, G31, and G34, in which case there is a tendency to distal

imbrication ; or sometimes the inner margin may be the more developed, in which case

the imbrication appears proximal, as in G42 and G59. The dimeres of the distal ring

tend to be more firmly joined to each other than do those of the other rings {e.g. G6,

G25, text-figs. 20, 21). In all points, then, the structure of the proximal region is

variable, and has not attained the definite and pronounced character seen in C. curvata

(§ 220).
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§ 202. The conical ossicle of the Middle region serves to reduce the diameter from

that of the wide rings to that of the narrow columnals. The diameter of the lumen

probably undergoes a corresponding reduction. In most specimens this ossicle seems

to have been rather solid and massive. In G34, however, where it has apparently

been weathered and broken open, there are traces of four originally component rings,

and of a vertically fluted structure in the lumen (cf. G23, G26, G54, also G27,

PI. III. fig. 32).

i^ 203. The Distal region of the stem has a length not less than three times that

of the proximal and middle regions together. Its diameter at the proximal end is equal

to the diameter at the narrower distal end of the reducing piece. Thence the stem

tapers very gradually and quite equably as far as it can be traced in any specimen.

Thus in G267 (PI. III. fig. 29) the diameter lessens from ri mm. to 0"3 mm. in a

length of 26*5 mm. This region is composed of circular columnals with a height from

one-half to two-thirds the diameter. Occasional slight irregularities may occur (e.g.

G267). The sutures do not appear to be crenelate, and the joint-faces seem to have

been smooth and slightly concave (G25). Weathering of the stem occasionally exposes

a vertical fluting as noticed above (G27, PI. III. fig. 32 ; G267, G268).

§ 204. The greatest total length of stem observed is about 50 mm. in Gl8, where

the width of the theca, toe to back of leg, is about 28 mm. This is relatively as well

as absolutely the greatest length observed ; therefore it is not likely that the stem

exceeded twice the width of the theca.

§ 205. There is no trace of a root or of any means of attachment, and it is probable

that the stem, after its gradual tapering, was rounded off" abruptly. It may, of course,

have been fixed to a root at an earlier stage of growth ; but it is not likely that there

was any temporary attachment by the coiling of the end of the stem, for the whole

distal region of the stem is remarkably straight in the fossils, and, as one would expect

from the joint-faces, must have been greatly lacking in flexibility.

§ 206. The stem, however, is not always found lying straight at right angles to

the sole of the boot-shaped theca, but is frequently deflected, now towards the toe

as in G267 (PI. III. fig. 29), now towards the heel as in G268, G269, and G50
(PI. III. fig. 27). The curvature producing this is confined to the proximal region

of the stem, where the peculiar articulation of the dimeres permitted enormous

flexibility.

But whatever the angle that it forms with the sole, the stem always lies in the

plane of extension ; it is never bent under or over the theca. This fact suggests that

the flexibility of the proximal region was so restricted as to permit movement only in

that plane.

§ 207. Measurements of Cothurnocystis Elizas in millimetres. In each case the

figures give the outside or "over all" measurement, as taken from a squeeze. For

stem measurements, see also § 203.
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G23. G26. G267. G42. G25. G45.

Width of theca from toe to marginal 2 15-2 17-7 20^6 21 29-7 38-5

Width of leg at same level 41 7 6-7 6^9 1L5 93
Height from stem to top of strut 8 7-1 8^5 7-8 16-8 14 5

Height from stem to top of leg . 15 12-5 15 16-3 30 ca. 24

Stem, proximal region :

Length ...... 3 1 4 7^8 5-9

Width 2-5 ? 3 4-7 5-8

Stem, median region :

Length ...... 2-2 LB 2^2 3

Width above ..... 1-6 L9 2-4 2^9

Width below ..... •9 LI LI L7
Stem, distal region :

Length . . . . . 15 + 26^5 20 + 19 +
Width below ..... 1

•3 •7 11

Stem, heights of columnals . . . <

•65

•32

•5

•35

•75

•5

•7

•53

Comparison with C. curuata.—See § 222.

ttii

Cothurnocystis curvata n. sp.

(PI. IV. figs. 39-45. Text-figs. 24-28.)

§208. Diagnosis.—A Cothurnocystis with outline of frame junk-shaped; with

integumentary plates normally prominent and imbricate ; with subvective grooves

elongate, having diameters as 1 : 10, and occupying an area that stretches from stem to

toe-point at a distance from the angle of the sole.

§ 209. Locality.—Thraive Glen, Grirvan.

§ 210. Horizon.—The Starfish Bed in the Drummuck Group (§ 6).

§ 211. Material.—Seven specimens in Mrs Gray's collection, numbered Gl, G2,

G5, Gl5, G24, G33, G38. All are imprints, with counterparts. G2 is taken as

holotype.

Some of the imperfect specimens provisionally associated with C. Elizae may belong

to this species (§ 173).

§ 212. Description.—The Thecal Frame is incomplete in G24 and G38, but its

outline seems to agree with that in the other specimens. The term "junk-shaped"

used in the diagnosis implies that the leg of the boot is reduced and cut off obliquely,

so that the toe-half and the leg-half of the boot are more equal in size than in C. Elizae
;

further, that the sole is extended at the ball of the foot in a thickened angle correspond-

ing to the heel. Indeed, in G2, G5, and G33, if not in G] also, the heel is far less

prominent, so that, as regards outline, the heel and ball of the foot are the converse of

those in C. Elizae. Correlated with the outward curve of the heel and leg, the strut,

instead of ascending at right angles to the sole, slopes in the direction of the leg (G2,

G5, G33, and G38 ; PI. IV. figs. 40, 43).
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5 213. In fundamental structure and in number of marginals, the frame seems to

aoree with that of C. Elizae. There is, however, no evidence for a long toe-spine in

any of the specimens, though there is a short thick process (ca. 3 mm. by 1'5 mm.) in

G5, and traces of a similar structure in G33. This process, however, seems to consist

not so much of the spine itself as of the two branches, which are here brought close

together (PI. IV. fig. 42). The knobs also are different : that on marginal 6, at the

ball of the foot, is stout but short, and in G2 and G33 (PI. IV. figs. 40, 41) is truncated

by an apparently circular, flat or faintly concave surface of 3*4 mm. and 2 mm. diameter

respectively. In these specimens there seems to have been a short but more pointed

knob on marginal 3(X, and a slight thickening, scarcely a knob, on marginal 3 at the

heel

toe-spine

ball of foot heel

Fig. 24.—Reverse. Fig. 25.—Obverse.

Text-figs. 24, 25.

—

Cothurnocystis curvata.

Reconstructions of the two faces. The outline is based on the holotype and drawn twice the natural size (cf. PI. IV.

figs. 39, 40), but various details are filled in from other specimens. The numbers 1-11 refer to the adjacent marginals.

The proximal and median regions of the stem are drawn, and some elements of the distal region.

Fig. 24.—The reverse face, showing the strut, the knobs on 3 and 6, and the flattened plates of the integument.

Fig. 25.—The obverse face, showing the vent directed towards marginal 10, the subvective system stretching from stem to toe,

and the finely plated integument. Note how this last is stretched by the subvective system ; also how it shows the form of

the underlying strut.

heel. There was certainly no knob on either marginal 7 or marginal 2 in the specimens

where those ossicles are visible.

§ 214. Correlated with the obliquity of the front part of the leg, the rectal passage

between marginals 11 and 12 (or 1) is narrowed almost to a point, and those elements

had, apparently, no flat downward extensions (see especially G5 and G33).

§ 215. The tag and tongue processes are not shown in any of the specimens where one

might have expected to see them, and I incline to think that, like the toe-spine and

the knobs on marginals 2 and 7, they were not so well developed as in C. Elizae, for

the following reason : In all the specimens the frame seems to be bent in such a way

that, if it were resting on the sea-floor, it would touch it by the end of the toe, by the

knob on marginal 6, by the frame at the back of the heel and leg, and by the top end

of the leg, while the middle region would have been raised in an arch. Hence the

trivial name, curvata.
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^ 216. In this connection it may be noteworthy that the stem in all cases appears

to be attached rather nearer to the reverse side of the theca than in C. Elizae.

§217. The plates of the integument are more prominent than in C. Elizae, ^vA

in many places appear imbricate. This may be only the expression of a chance con-

traction, but, even so, it points to some slight difference of structure.

§ 218. The Subvective System occupies a curved tract, having an outline not

greatly differing from that of C. Elizae, and bearing the same general relations to the

toe and stem regions of the thecal frame (PL IV. figs. 39, 44). In these respects the

only notable diff"erences are a slightly greater width at the toe end, and an extension

further over the stem, such as might have been facilitated by the diff"erent slope of

the strut (§212).

Fig. 26. Fig. 27. Fig. 28.

Text-figs. 26-28.— Cothurnoajstis curvata. All figures enlarged 12 diameters. .

Fig. 26.—External view of two grooves of the subvective system, based on G24
(cf. PI. IV. fig. 44).

Fig. 27.—Internal view of two grooves of the same specimen (cf. PI. IV. fig. 43).

Fig. 28.— Solid section of the four dimeres of the proximal region of the stem, based

onGl (cf. PI. IV. fig. 45).

But, since the frame itself has grown outwards at the ball of the foot, the subvective

tract is not parallel to the frame as in C. Elizae, but between it and the frame there

lies an area of plated integument with its greatest width equal to that of the subvective

tract, and tapering towards the toe and the stem.

Though in shape, length, and width, the subvective tract of C. curvata diff"ers almost

inappreciably from that of C. Elizae, it presents a totally diff'erent appearance, due to

the narrowness and compression of the elliptical subvective areas. The ratio of width

to length in these is about 1:10. In G24, for instance, the greatest length of the

ellipses is 3 mm., and there are 36 ellipses observable in a tract of 9 mm. long. In

Gr2 about 42 ellipses are observed in a tract 13 "5 mm. long.

Seen from the outside, each ellipse appears as a narrow, slightly rounded ridge

(text-fig. 26). In 0-24 (PI. IV. fig. 44) the ridges near the middle of the subvective

tract have a width of "26 mm. or less, and a length of 3 '05 mm. or less ; but, owing to

the slight curvature of the ridges, the actual length is a trifle more, so that the ratio

in these is 1:12, The ridges are close together, so that the space between two ridges

rarely exceeds "07 mm. One gets the impression, therefore, of a number of parallel
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ridges, like those in an ordinary pectinirhomb ; and the resemblance to that structure

is enhanced by the fact that the small plates of the integument adjoining the subvective

tract, especially on its admarginal side, tend to run in lines continuous with these

ridges, just as ornament-granules frequently continue the ridges of a pectinirhomb.

Indeed, had one examples of this species alone, one might well have been misled into

regarding the structure as a pectinirhomb. Such an opinion might even have been

confirmed by a study of squeezes representing the same structure as seen from the

inside (PI. IV. figs. 40, 43) ; for here one observes only a number of sharp ridges or

lamellae, each apparently corresponding to a rounded ridge of the exterior. Closer

examination of these lamellae (text-fig. 27), in squeezes from the most favourably

preserved portions, reveals a median groove indicating the compound structure of each

lamella ; and it may further be detected that at the ends of the lamella the two halves

diverge and meet those of adjacent lamellae.

The interpretation of the whole structure, then, is this : on the outer surface (text-

fig. 26) each elliptical food-groove appears as a single ridge, owing to its narrowness

and to the fact that the groove itself is covered by minute cover-plates, about fifteen

to the millimetre, best observed by studying an enlarged photograph under a lens.

The groove has no floor of stereom, so that on the inner surface (text-fig. 27) each

groove is clearly seen, corresponding to a ridge of the outer surface. The intervals

between the ridges are not visible in this view, since the edges of adjacent grooves are

closely pressed together to form the apparent lamellae.

§ 219. The Vent is not clearly shown in any specimen, though the whole rectal region

is well exposed in (x33 and G5. In the latter specimen (PI. IV. fig. 42) the lines of

plates converging on the vent are obvious enough, and, so far as I can make out, the

vent did not lie at the apex of the angle formed by marginals 11 and 12 (or 1), but

was defi.ected towards marginal 10 at the side of the leg (text-fig. 25).

§ 220. Stem.—The only specimens in which this is seen are G2 (PL IV. fig. 40),

which retains only the proximal region, and Gl (PI. IV. fig. 45), which preserves also

the median and some 7 mm. of the distal (§ 216). These latter regions are obscure,

which is unfortunate, since they seem to show signs of original dimeres. The dimeres

of the proximal region, seen in section, resemble four ridge-tiles piled one on the other,

with the outer slopes a little longer than the inner slopes (text-fig. 28).

§ 221. Measurements of G. curvata in millimetres :

—

G2. Gl. G33.

Width of theca from toe to marginal 2

Width of leg at same level

Height from stem vertically to top of frame
Height from stem to top of leg .

Stem, proximal region, length .

,, „ vi^idth

24-5

7-3

8-5

18 +
4-5

4

22-8

7-5

11

17-3

2-9

2-9

15-5

7-2

9

13-5
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§ 222. Comparison of G. curuata with G. Elizae.—The essential differentia of this

species is the narrowness of the subvective grooves. One might, however, have

hesitated to base a distinct species on this alone, when only some half-dozen specimens

out of six dozen were found to present it. It might conceivably have been explained

as due to post-mortem changes, to a difference of preservation, or to some temporary

physiological condition connected perhaps with breeding. But when these specimens

also agree, so far as can be seen, in the peculiar outline of the theca, in its curvature,

in the position of the subvective tract, and in the roughness of the integumentary

plating, then we must conclude that all these slight differences of structure are not

chance variations, but correlated with one another and with a slightly different habit

of life. The environment, however, seems to have been the same for this as for

C. Elizae ; and there is no evidence of any difference in geological age. We are

justified therefore in regarding C. curvata as an independent contemporary species.

Organisation and Mode of Life of Gothurnocystis.

§ 223. This creature, though plainly a Pelmatozoon, is so different in structure and

outward form from any other Pelmatozoon as yet known, that it is by no means easy

to discover its true affinities. The very fact of this difference points to the conclusion

that the animal was modified for some unusual habit of life ; and our first task must

be to analyse its modifications, and remembering that life consists in the mutual

reactions of organism and environment, to reconstruct from the dry bones the

living organism. Not till some workable conception of the animal's physiology and

bionomics has been formulated, can we distinguish the characters that are adaptive

and secondary from those that are primary in the sense of being derived from a less

modified ancestor.

§ 224. As starting-point let us take a structure as to which no doubt can exist.

This is the Vent (§ 199), situated at the top of the thecal extension described as the

leg of the boot. The arrangement of the small plates in that region is quite character-

istic, and may be compared with the similar appearances in Dendrocystis (§§ 73, 141)

and Pleurocystis (§ 382) ; it indicates an anus closed by a sphincter muscle. The

position of the vent at the very summit of the long narrow leg shows that it opened

at the end of a distinct rectum, and its varying relations to the thecal frame can

best be explained on the assumption that the anal end of the rectum was capable of

slight extension beyond the limits of the frame, though always between the tag and

tongue processes. This extension was probably due to the pressure of fluid in the

rectum, and the relaxation of the anal muscles. It is possible that those muscles

comprised, not merely a sphincter developed in the loose integument, but also some

retractors attached to the expanded marginals 11 and 12.

§ 225. Accepting this description of the anal structures, but postponing further

discussion of their function, we recognise that a vent of this nature implies a gut and
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a corresponding Intake. If, with such a creature as Dendrocystis in our minds, we

seek for structures that might be regarded as brachioles, we find only the tag and

tono-ue. But these are solid processes and lead to no mouth-opening ; nor indeed is

it consonant with the pelmatozoic habit to imagine an intake so close to the vent.

Trochocystis, with its thecal frame and plated integument, next suggests a search for

some opening through the marginals ; but our knowledge of these elements in

Cothurnocystis, thanks to the abundant material, is so complete that the absence of

any such opening is incontrovertible. A few imaginative but erratic writers have

suggested that nutriment may, in one or two genera, have been taken up by the stem.

If this ever were the case (which I do not believe), it certainly was not so in

Cothurnocystis with its thin stem of solid columnals.

§ 226. We are forced, finally, to inquire whether the very peculiar organs in the

foot-half of the theca may not furnish the required intake. There is no doubt that

they do, and they have therefore been described under the heading Subvective System

(§§ 195, 218). But it took me a very long time to realise this. A fragment submitted

to me in January 1899 by Mrs Gray was returned with the note that it was probably

part of the anal face of a Pleurocystis on which the stem had been impressed, thus

simulating an ambulacrum. The structure was better displayed in the first fairly

complete specimen sent to me, G45 (C. Elizae, PI. III. fig. 31), yet for some years

it reminded me of nothing so much as the ambulacral area of an Echinoid, Next came

a fragment of C. curvata, and I thought I had to do with some extraordinary

pectinirhomb. Fortunately, I held my peace and said nothing. Then at last, in March

1911, Mrs Gray sent the whole of her material, and it became possible to draw up a

complete description, with each statement proved by verifiable evidence.

§ 227. Accepting the bare facts of that description, let us discuss their meaning.

Since the elliptical organs of a single individual vary in nothing but size, they must

all have had the same function. The functions served by openings through the thecal

wall of an Echinoderm are nutrition, aeration, excretion, and emission of gonads. Of

these functions, excretion (using the term in a wide sense) was in this case served by

the anus at the other end of the theca. Aeration or respiration may be effected

through the integument itself when thinly plated as here, or through the anus, or by

extensions of the water-vascular system often connected with the subvective system,

or even by the mere rush of the food-stream through the gut ; in short, there is no

absolute necessity for gills, hydrospires, or special openings in the theca. The emission

of gonads may take place through any of the normal openings in the test, or through

temporary openings made for the purpose. Nutrition, then, is the one function that,

except in truly parasitic animals such as are not known among Echinoderma, seems to

demand a definite opening. It is true that in some Echinoderms the same opening

serves as both mouth and vent; but the anus of Cothurnocystis cannot have served

as a mouth on either pelmatozoic or eleutherozoic lines—for either microphagy or

megalophagy, as Prof W. J. Sollas might have put it. Thus this line of argument
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leads to the same conclusion—that the elliptical organs subserved nutrition. This

granted, let us consider how they did so.

§ 228. A Pelmatozoon need not have any trace of a stem ; but every known

Echinoderm with a stem is a Pelmatozoon, and as such obtains its food "by a sub-

vective system of ciliated grooves." There is no reason to suppose that in this respect

Cothurnocystis was any exception. It has been shown that each of the elliptical

organs was in part a groove, and the view that the whole of the long U constituted a

ciliated subvective groove is confirmed by the presence of cover-plates arranged as in

all the most typical of Palaeozoic Pelmatozoa.

§ 229. The actual opening in the thecal wall presented by each elliptical organ

consists of two parts : the Y-shaped incision in the groove of the long U, and the

wider circular hole in the short ci into which it leads. This is probably connected

with a difference of function, and the possible interpretations are many.

Memories of the Eleutherozoan ambulacral system, on the one hand, and of the

Blastoid subvective system on the other, at first evoked the idea that the circular

opening of the short u gave passage to a tentacle. On the Eleutherozoan plan this

tentacle would have been a podium, that is to say, an extension from the water-

vascular system ; but, though it might have subserved sensation and respiration, it

certainly could not have had a locomotor function. Podia of this nature, combined

with a ciliated subvective system, were, I have maintained, present in Edrioaster
;

but in that genus their relations to the food-groove and to the skeleton were in any

case quite other than in Cothurnocystis. This interpretation, then, though possible,

does not commend itself. On the Pelmatozoan plan this tentacle may have been such

an uncalcified, grooved extension of the body-wall as Haeckel supposes to have existed

in several primitive Cystids, and particularly in their hypothetical ancestors. But,

considering the degree of calcification manifest in this genus, it seems probable

that any such extension would have been calcified as a normal brachiole, and in

that case the short u would represent the facet for the brachiole. There is, no

doubt, a superficial resemblance to the subvective system of Mesocystis, of Astero-

hlastus, and of the Blastoid type generally ; but in all those the convincing evidence

is the definite facet with its fulcral ridge (cf. text-fig. 56), and there is no trace of such

a structure in Cothurnocystis.

§ 230. The interpretation which approves itself to me is that the long U was

floored with a ciliated groove, and that the short u surrounded a veritable opening by

which the food-stream from that groove descended into the gullet. The incomplete

calcification of the floor of the food-groove suggests that space was required for the

passage, not only of nerve-filaments leading to sensory-tentacles, but of an extension

from the water- vascular system, branching it may be into small lateral podia. When

in full swing, the cover-plates were open, the tentacles or podia were fully protruded,

and a stream of sea-water was driven down each of the fifteen or more grooves, and

diverted by the hood of the short u through the round mouth. Then some passing
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animal brushed against a tentacle, the podia were quickly retracted, all the cover-

plates shut down, and the hoods pulled up against them so as to close the mouths.

^ 231. In the great majority of Pelmatozoa, and certainly in all that were attached

by a stem, the intake is at the opposite pole of the theca to the stem-facet, and it will

doubtless be admitted that the general principle governing the development of the

fixed Pelmatozoa is the raising of the oral pole away from the sea-floor, just as the

opposite principle governs the growth of Bleutherozoa. In Cothurnocystis, however,

the subvective system is close to the stem. This fact alone is enough to suggest that

the animal did not live in the normal erect position, a conclusion already drawn from

the structure of the stem (§ 205).

In what position, then, did it live ? Applying the same principle, we infer that the

obverse face of the theca was directed away from the sea-floor, and the reverse face

towards it ; and this conclusion is confirmed by many details of structure.

§ 232. The position of the vent in the Pelmatozoa is governed by two sanitary

principles : first, the ejection of the excreta into the more open water away from the

sea-floor ; secondly, the greatest possible remoteness from the intake that is compatible

with the principle of distance from the sea-floor. In Cothurnocystis the position of

both intake and vent on the obverse face, and the limitation of the remoteness between

them by the thecal frame, are brought into harmony with these principles only if we

suppose the reverse face to have been directed towards the sea-floor,

§ 233. The extreme flattening and lateral extension of the theca are also features

characteristic of living structures that spread out parallel to the surface of the earth,

whether in the water or on dry land. They represent the geomalic tendency of growth

(§ 582).

§ 234. If these arguments be admitted, we are impelled to the conclusion that the

theca, and indeed the whole skeleton, lay flat on the sea-bottom. Clearly no half-way

position was practicable. At once all the peculiar outgrowths of the frame become

intelligible. The weight of the body was removed from the floor, rough with sand and

shell-fragments, by the knobs on the reverse. These, acting as the legs of a chair,

raised the whole frame, from which the flexible integument of the reverse side depended.

The strut on that side served to prevent the frame from collapsing and to check too

great sagging of the integument. The restriction of the knobs to the lower or ad-

columnal half of the theca is due to the simple fact that the weight of the stem required

to be counterbalanced by a projection of the upper part of the theca beyond the knobs,

further counterweight being added by the outgrowths of spines and processes in the

plane of the theca. That was the plan of C. Elizae ; but in C. curvata a similar result

was attained by the curvature of the theca and the depression of the stem-facet, so that

the animal rested on the proximal region of the stem, the flat knob at the ball of the

foot, and the upper outer edges of the thecal frame ; and if in this species the toe-spine

and processes of the leg were not, as it appears, so highly developed, it is simply because

they were not needed or would even have been in the way.
TRANS. ROY. SOC. EDIN., VOL. XLIX. PART II. (NO. 6>. 55
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§ 235. In C. Elizae the weight of theca and stem pressing on the rather thin knobs

might have forced them too deeply into the sand. This was checked by the stem, by

the toe-spine, and by the tag and tongue ; the latter processes were broadened in the

extension-plane, since it was particularly necessary for them to keep the vent above the

sand. In C. curvata, where those processes were absent, the same result was attained

by the lateral shifting of the vent.

§ 236. In the case of certain broadened (geomalic) Pelmatozoa with tapering stem,

it has been suggested that they had some power of locomotion. Such a suggestion,

however, is not applicable to Cothurnocystis with its extreme asymmetry, to say nothing

of the knobs on its under surface.

§ 237. The animal, then, though unattached, was statozoic, and obtained all its food

from currents of water driven along the ciliated grooves. The combined length of those

grooves for which there is direct evidence in any individual is very short in proportion

to the size of the theca, as compared with the subvective system of most Pelmatozoa.

It is this fact which lends some probability to the hypothesis of exothecal extensions

from the subvective system. But since there is no concrete evidence for anything of

the kind, one seeks other means by which the food-current may have been increased.

Possibly this was brought about by such a bellows-like action of the pliant theca-wall

as has been observed in flexible sea-urchins. What muscular mechanism may have

effected this, we do not know ; but the cavity could be enlarged only by bringing the

sides of the frame nearer together, and it is only in the leg region that this could have

been accomplished. That some such movement could take place in C. curvata is indi-

cated by the displacement and crossing of the sides of the leg in some of the fossils.

In C. Elizae the flat extensions of marginals 11 and 12 may have served as sliding

bearings. Let us assume that some mechanism existed, then the expansion of the

thecal cavity would necessarily draw in water through the openings, and its contraction

would expel the water. If the anal sphincter were closed and the cover-plates of the

subvective grooves opened, the water would be drawn rapidly into the gullet, and by

the reversal of the process would be driven out through the anus. Here the value of

the strut in stiff"ening the frame is very obvious ; but it may have served yet a further

purpose, in checking the regurgitation of water into the gullet.

§ 238. Conversely, with closed subvective grooves and open anus, rectal respiration,

such as is known in holothurians, might have been eff'ected by similar bellows-action.

§ 239. In connection with the out-current from the vent, the tag and tongue

processes probably had a further use, since they could serve to guide the stream, and,

above all, to keep it away from the intake.

§ 240. But the forcible expulsion of water, especially if confined in the manner

suggested, must have reacted on the theca ; and the force would be further multiplied

by the leverage exerted at the end of the leg when the fulcrum was furnished by the

knobs in the lower half of the theca. Thus the whole animal would tend to pirouette

in a solar (dextral) direction. The knobs alone would scarcely be enough to check this
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undesirable gyration, but a drag was provided by the toe-spine and the stem in their

positions of greater mechanical advantage. Here, then, we find the explanation of the

inward curve of the toe-spine towards the leg, and of its downward bend towards the

sea-floor. Here, also, we see the reason for the retention of the stem and for the relative

rigidity of its distal region ; and the power of lateral movement observed in the

proximal region was, we may suppose, preserved and developed so that the animal

could vary its resistance to the normal rotatory tendency, just as the rudder of a boat

has to be shifted perpetually in accordance with every variation of wind and current

;

or, if at any time the bellows-action was reversed, then the animal would put its

helm over and thus meet efl"ectively the force changed in direction and lessened

in amount.

The mechanism of the stem-movement is easy to understand. The flexibility of

the proximal region, due to the structure of the dimeres, has already been emphasised

(§§ 201, 220). The fusion of some four following pairs of dimeres to form the reducing

piece must have been due to the need for a relatively rigid structure in that position ; and

this need is manifest if we suppose muscles to have passed from the downturned edges

of marginals 4 and 5, through the wide lumen, to the inner wall of the reducing piece.

The ends of these muscles would naturally have been attached to the ridges on the

fluted surface of those walls, and were probably the original cause of those structures,

although the fluting would also enhance the rigidity of the median and distal regions

of the stem.

§ 241. The question of the Internal Anatomy is an interesting one. Assuming

the correctness of our interpretation of the thecal structures, then we must suppose

that the fifteen or more mouths opened into a common pharynx. One can hardly avoid

a passing comparison of these elliptical openings to pharyngeal clefts in Chordata, if

only for the sake of warning the speculative morphologist against taking this as a sign

of atiinity.

§ 242. From the pharynx a gut, of course, led to the anus. It would be unreason-

able to suppose that it left the pharynx at the toe-end, furthest from its goal, and in a

situation that would involve a strangulating bend ; moreover, the natural supposition

that it followed the direction of the pharynx from the toe towards the heel is confirmed

by the presence of a distinct groove or channel at the base of the strut in marginals

5 and 4 as may be seen in Gil, G26, and G51.

§ 243. Did the gut, then, pass in a simple curve round the frame into the rectum,

or did it return in a coil as is the wont of the Echinoderm gut ? The compression of

the theca is perhaps opposed to the idea of a coil, but, if there was one, then it is

probable that the ascending curve passed up the strut and bent round in the space

above the pharynx. But without further evidence further discussion is vain.

§ 244. The large lumen of the proximal region of the stem suggests the presence

therein of a nerve-centre, possibly also a blood-plexus, and a strand of reproductive

tissue, A further use of the strut may have been to protect extensions from these, and
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one might expect to find at its distal end a parietal pore (? gonopore), perhaps

combined with a hydropore. Careful examination, however, has convinced me that

there is no opening through the marginals of the frame except that breach on the

obverse where the vent lies. It is therefore possible that the axial tracts of the various

systems concerned, after passing up the strut, proceeded up the marginals on the front

of the leg, and that the openings of the water-vascular and generative systems were

either through the loose integument at the base of the " tongue/' or involved with the

anus in a cloaca. Since careful search has failed to detect any independent opening,

the latter hypothesis is the more probable. Extensions of, at any rate, the nervous and

vascular systems doubtless passed down the stem-lumen, finding their way between the

muscles and sinews of the proximal and median regions (§ 240), and therefore lying

in the flutings of the median and distal lumen. Whether there is any trace of quinque-

radiate symmetry in those flutings, is a question obvious to ask, but at present impossible

to answer.

Affinities of Cothurnocystis.

§ 245. The absence of any rhombs or pores excludes reference to the Rhombifera

and Diploporita ; and the structure of the stem, in its proximal region at least,

indicates that the genus belongs to the Heterostelea. But among the Heterostelea

there is no known genus with which comparison is at once obvious.

It is, of course, out of the question to consider any of the specialised Silurian

genera, such as Placocystis ; nor is it profitable to seek a relationship with the

brachioliferous forms allied to Dendrocystis.

§ 246. Some comparison with Trochocystis is possible, for that genus is the least

specialised of the Anomalocystid series, and its occurrence in the Cambrian would at

any rate permit it to be an ancestor of the late Ordovician Cothurnocystis. Obvious

points of resemblance are presented by its theca, consisting of a plated integument

stretched within a frame of marginals. The plating is far coarser and more regular

than in Cothurnocystis, but it is important to notice that the number of marginals is

approximately the same, not less than 10 and not more than 12, since this is a

character of less physiological value and therefore less likely to be modified by any

change of habit. Further, the marginal near the presumed vent is incomplete or

excavate on the side of the vent, just as are marginals 11 and 12 in Cothurnocystis.

§ 247. It might be supposed that the peculiar process shown above the vent in

Barrande, pi. 3, ff". 13, 14, was of a nature similiar to the tongue process in

Cothurnocystis, and, like it, intended to divert the faecal current from the intake.

Examination of the original specimen, however, reveals the process as nothing more

than the hypostone of a Paradoxides, a trilobite not uncommon in the same bed.

Whether there was anything in the nature of a valve closing the anus, as Dr Jaekel

states (1901, p. 669), or any plate diverting its stream, is more than I am at present

prepared to affirm or deny.

T
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S 248. The restoration of Trochocystis published by me in 1900 (p. 50, f. xi.),

represented the oro-anal region quite incorrectly. This is because it was based on

Barrande's fio-ures, which are very difficult of comprehension. The kind help of

the Bohemian Museum has now enabled me to see my error, and to recognise that

Dr Jakkel's representation of this region (1901, p. 663, f. l) is essentially correct, though

I am not fully prepared to accept all the details in his restoration in f 6 A, p. 670.

§ 249. Neither in the Bohemian specimens nor in other specimens preserved in the

British Museum can I distinguish the arrangement of the integumentary or somatic

plates near the vent. Specimens of the allied Mitrocystis, however (Brit. Mus.

E7517, E 16070), prove that the structure depicted in Barrande, pi. 4, ff. 1, 8, 14,

and others, has nothing to do with a folded madreporite as I hesitatingly suggested

(1900), but is merely the imprint of small elongate plates converging towards a

sphinctered anus, precisely as in Cothurnocystis. It is this fact, already recognised

by Jaekel, which decides the position, if not the structure, of the vent in

Trochocystis.

At this point I would ask the reader to study carefully text-figs. 29-32, with their

accompanying description (see next page). He will then be in a better position to

appreciate the following discussion.

§ 250. The main points in which Trochocystis differs from Cothurnocystis are :

(l) the general outline of the theca, which is more nearly circular, or sometimes sub-

triangular, with the apex of the triangle at the insertion of the stem, as in those forms

which Haeckel (1896) has called Trigonocystis. This rounder outline and less lateral

extension of the theca shows that Trochocystis, even though it may have departed

somewhat from the normal pelmatozoic habit, had not become modified thereby so

much as Cothurnocystis. (2) The position of both intake and vent at the pole of the

theca opposed to the stem. This also proves that Trochocystis was nearer the normal

Pelmatozoan. (3) The existence of only a single mouth, to which lead two grooves
;

and the position of these structures not on the plating, but on the marginals. (4) The

polymerism, usually dimerism, of the stem, which has no regions diff"erentiated as those

of Cothurnocystis. (5) The morphological relations of the reverse face, which appears

to be to the left of the sagittal plane.

§ 251. Although Trochocystis retains several traces of a more normal pelmatozoan

ancestry, its departure from an upright habit of life is already manifested in the short

tapering stem and the flattening of the theca. That one face of the theca was directed

towards the sea-floor, the other away from it, is proved by the excavation of the

marginals for intake and vent on one face only, and it is noticed that the plating on

that face is finer than on the reverse.

§ 252. On the other hand, it is hard to imagine that Trochocystis lay prone on a

sea-floor covered with sand such as that composing the rocks in which its remains are

found, for the supposed food-grooves would then have been very slightly raised above
the sand and would frequently have been choked by it. Dr Jaekel seems to
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Fio. 29.

Fig. 30.

Fig. 31.

Fig. 32.

Text-figs. 2^-2,2.— Trochocystis.
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Text-figs. 29-32. —Trochocystis.

All, as shown by the millimetre scale, are about 2 '7 times natural size. All are photographed from squeezes of the

imprints, and these squeezes represent the actual specimens as lying with the obverse face uppermost.

The letters and A are in each figure placed vertically above the positions of the Oral and Anal apertures (intake and

vent) respectively. The letters /.gr. are placed beside the food-grooves, where they are visible. 6' indicates either the

remains of the Stem or the position of that organ ; c.p. indicates cover-plates.

Figs. 29 and 30.

—

T. bohemica, from the Cambrian (Paradoxidian) of Skrej, Bohemia.

This fossil is preserved in the K. Bbhmisches Museum, Prague. The sc^ueezes from which the photographs were made
are in the British Museum.

Fig. 29.—The specimen in the upper half of text-fig. 30, viewed from the oro-anal end. The food-grooves are seen passing

round the frame and bending down into the breach for the intake (below 0) ; that on the right hand of the observer

is carried over the top of the anal flooring-plate (below A) and is here curved downwards slightly ; in it are still preserved

several cover-plates, which are largest and most clearly seen near the intake above the letters c.p.

Fig. 30.—The upper specimen is that shown in text-fig. 29. The fuod-groove on the right of the intake is more clearly seen in

this view tlian it would have been in life, because the substance of the squeeze has been slightly distorted. The food-groove

on the left is visible only in the immediate neighbourhood of the intake. In the frame ten maiginals are to be distinguished,

and one of these is the flooring-plate of the vent region. The plates adjoining this last rise into stout prominences. The
floor of the thecal cavity, within the frame, appears to be formed for the most part by the plates of the reverse face,

seen from the inside ; but near the frame, especially to the left, are several fairly stout and slightly rugose plates of the

obverse face.

The lower specimen is the original of Bakrande's " Cystidees," pi. iii. If. 23-25, which, however, represent the imprint

(" moule interne") and not a squeeze as here. In this photograph the food-grooves are visible only close to the intake ; but

in the squeeze that on the right can be traced along the edge of two marginals. The frame is constructed essentially as in the

upper specimen. The apparent gap, just below the prominence to the left of the vent, regarded by Bakrande (1887, p. 188)

as an orifice, is, I have little doubt, accidental, and its very occasional appearance seems due to the shifting of the marginal

that bears the said prominence. The absence of all trace of a stem may be a deceptive appearance. Regarding this squeeze

for the moment as an actual fossil, and comparing it with the specimen above, we shall see that the stem, if preserved, is

hidden under the matrix. The plates on the floor of the thecal cavity are for the most part the disarranged plates of the

obverse face.

Figs. 31 and 32.— T. Barrandei,* from the Paradoxidian of Coulouma (Herault).

Fig. 31.—Brit, Mus. E7694. The marginals near the vent and intake are slightly displaced. Near the intake the food-

grooves are clearly shown, and that to the right contains a few minute cover-plates. The grooves soon become very

shallow, but are visible in the obverse view, as shown on the left of the specimen, at f.g. The protuberance near the

inner end of the suture between these two marginals is in part, if not altogether, accidental. The anal floor-plate and the

reverse plating are seen. At the inner edge of the marginals on the left are traces of a rebate to which probably the obverse

integument was attached. The stem appears as partly buried iff the matrix.

Fig. 32.—Brit. Mus. E7696. This ditt'ers from the other specimens mainly in the preservation of a large plate roofing the

region of the vent, and of the adjoining plates of the obverse integument ; all these are clearly rugose. The edge of

the anal flooring-plate is seen in natural position, and the food-groove borne by it is clearly visible. The marginal between

this and the intake is displaced, and shows the food-groove with cover-plates ; along the inner edge of this groove is a

slight rebate indented with notches where the edges of the cover-plates were hinged to it, too minute to be shown clearly

ou this scale.

* Trochocystis Barrandei Munier-Chalmas & Bergeron, in J. Bergeron, 1889, p. 338, pi. 3, f . 6. Specimens in the British Museum, E 7687-

E7697
; presented by J. Miquel. This name was probably overlooked by Jaekel (May 1901, p. 670) when he published the name T. occidentalis.

[While this was printing, I had the privilege of studying the beds at Coulouma under the guidance of Mr Miquel. A few dark iron-stained films

uf clear-cut outline seem to confirm the suggestion (§ 252) that broad-leaved sea-weeds grew in the same waters. Trochocystis or an allied genus
also occurs in the Tremadocian of H6rault ; and it is here that we may hopefully seek the intermediate forms foreshadowed in § 259. June 1913.]
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represent cover-plates in his, no doubt purposely, sketchy reconstruction (1901, p. 670,

f. 6 A), but offers no evidence. That these elements did exist is proved for T.

hohemica by the original of Barrande, pi. iii. if. 23-25, and for T. Barrandei by

Brit. Mus. E 7694 and E 7696 ; but they are very small, and by no means so regular

as indicated in Jaekel's diagram (f 1). Further, there is no evidence for such free

appendages (? brachioles) as are adumbrated in Jaekel's f 6 A. If, then, the subvective

system consisted of simple marginal grooves, an absolutely prone habit is inconceivable.

Possibly the animal attached its theca, by a sucking action of the reverse face, to

some broad-leaved sea-weed, of which, naturally, no traces remain.

^ 253. If, now, we suppose that Trochocystis did in time come to lie flat on the sea-

fioor, certain modifications would seem necessitated. Of these the most urgent would

be the passage of the subvective system to a position where it would not inevitably

be choked with sand ; in short, it would have to move on to the obverse face. Some

attempt at this, probably preceding the actual removal to the sea-floor, is manifested

by the species found in Herault (text-figs. 31, 32), in that the marginals are flattened

and extended on the reverse face and excavated with a broad groove on the obverse

slope. The actual subvective groove arises as a depression in this broad groove, and

so is visible in the obverse view. But for the groove to have passed over the edge of

the marginals on to the small somatic plates of the obverse face would not have been

a natural transition. The actual intake, however, was already bounded on one side by

somatic plates, and the same pressure of circumstances would tend to drive it further

into the somatic area of the obverse face. As the intake passed away from the margin,

the ciliated grooves would, of course, follow it, and in this way the transition might be

more naturally effected. At first there might be some inward bending of the thecal

frame in the oral region, but eventually the mouth and groove might break right away

from the marginals.

The modification next in order .of importance would be some means of protecting

the subvective system from the anal stream, and this would be brought about by

increasing the distance between vent and intake, or by controlling the direction of the

out-current, or by both methods conjoined.

Such modifications as the further protection of the subvective system by distinct

rims, or the raising of the obverse face above the sandy floor, would all be to the

advantage of the animal.

§ 254. It becomes plain, therefore, that any modifications of Trochocystis likely to

occur in connection with such a change of life would all be in the direction of

Cothurnocystis. But when we attempt to control these speculations by reference to

the actual fossils of intervening age, we find that the course of evolution, so far as it

has hitherto been traced, followed a different path. For, in the Lower Ordovician,

Trochocystis is succeeded by such genera as Mitrocystis, which in the Upper

Ordovician, Silurian, and Lower Devonian, give place to the typical Anomalocystidae.

Whatever the habits of life that induced that evolution, it is at least certain that they



CARADOCIAN CYSTIDEA FROM GIRVAN. 423

were very different from those of Cothurnocystis ; and, taking these facts in connection

with the different morphological relations of the sagittal plane, we must conclude that

Cothurnocystis was not directly descended from Trochocystis.

\ 255. But there is in the Middle Cambrian of Bohemia another form, which Dr

Jaekel (1901, p. 667) has referred to the Heterostelea, under the name Ceratocystis

Perneri. Seeing that only a few lines of description and two rough diagrams have

been published, it is fortunate that the British Museum has been able to acquire four

specimens (E 1607 i-E 16074), comprising the remains of about ten individuals.

Examination of these brings out many striking resemblances to Cothurnocystis.

§ 256. Ceratocystis (text-figs. 33, 34) has a compressed theca with a relatively

slender stem. The outline of the theca is unsymmetrical, and, though not so markedly

veut vent

tongue

toe-spine

ball of foot
heel heel

Fig. 33. Fig. 34.

Text-figs. 33, 34.

—

Ceratocystis Perneri. Diagrams based on Brit. Mus. E 16072-3-4. Natural size.

Fig. 33.—Reverse face, showing the stem in section, with the fluted infilling. The precise outlines of the plates are not qnite

certain ; there is not much difference between this and Jaekel's figure (1901, p. 667, f. 4 B), but the material at hand does

not enable every point to be controlled, especially the region near the stem.

Fk;. 34.— Obverse face, showing the exterior of the stem. The lateial processes or appendages of the distal region of the stem

are not indicated, since it is not clear that they are other than the displaced elements of the columnals themselves. The
positions of the subvective grooves are taken mainly from El 6074 (cf. text-fig. 35).

The names applied to dilferent parts are based on the homology with Cothiirnoeystis. The vertically ascending limb of

the triradiate ridge approximately corresponds in position to the strut.

boot-shaped as that of Cothurnocystis, has regions corresponding to the leg, the heel,

and the foot-half. A distinct frame is not obvious, since the central plates of each face

are few and not markedly smaller than the marginals. The marginals, however, though

of irregular shape, are more massive than the central plates, and appear to have been

bent round the edges so as to have a V-shaped or U-shaped section. At the top of

the leg the marginals are extended into two processes corresponding in position to the

tag and tongue of Cothurnocystis, but not separated from the body of the marginals

by any suture or articulation. The marginal at the heel is triangular and greatly

thickened
; the same is the case with the marginal at the other lower angle of the

theca, corresponding in position, not to the toe of Cothurnocystis, but to the knob-
TRANS. ROY. SOC. EDIN., VOL. XLIX. PART II. (NO. 6). 56
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bearing marginal 6 at the ball of the foot. Since the foot-half is not so extended,

the angle or curve between leg and toe is quite short, but at the toe-end of this curve

is a marginal with an obtuse outer angle or blunt point, corresponding in position to

the toe-spine. In general form the lower half of the frame in Ceratocystis Perneri

resembles that of Cothurnoci/stis curvata rather than C. Elizae.

§ 257. The stem of Ceratocystis comprises three regions, precisely comparable with

those in Cothurnocystis, though each region differs slightly in construction. The

nature of the difference, put broadly, is that Ceratocystis shows more signs of what I

believe to be the original small plates that enclosed the stem-lumen. Thus, the

plates of the proximal region apparently were more than four pairs of dimeres, and

resemble imbricating scales ; the conical lumen of the median region was also surrounded

by small plates imbricating distalwards, and firmly united only at their inner ends ; the

distal region appears in many specimens to have been composed of cylindrical columnals,

but closer examination shows that these also, at least in the upper part of the region,

retain on their outer surface traces of the original imbricating plates (the " seitliche

Anhangsorgane " of Jaekel's description). Dr Jaekel describes the columnals of this

region as " zweizeilig," i.e. composed of dimeres ; it is possible, but I cannot confirm the

statement
;

probably there was some variation in the extent to which the original

elements were united,

§ 258. This analysis will have shown how close is the fundamental resemblance of

Ceratocystis to Cothurnocystis, and one might even find other points, such as the greater

swelling of the marginals on one face. But the interpretation of the internal anatomy

given by Dr Jaekel involves important differences. He places the mouth between the

two processes of the leg, and regards the concavity above the instep as an anal opening.

It is, however, clear that, if there be any reality in the above comparison of Ceratocystis

with Cothurnocystis, then the vent must have lain where Jaekel places the mouth. 1

can find no trace of any structures that resemble anal plates or valves, but the small

square marginal in this position may perhaps be homologised with the somewhat similar

plate over which the vent passes in Trochocystis. If there were any opening into the

thecal cavity at the place where Jaekel puts the anus, then that opening would, for

the same reasons, be the intake and not the vent. Comparison with Cothurnocystis,

however, suggests that the excavation in this region is nothing but the angle of the

instep, and that the intake must be looked for nearei" the stem. It is in fact the case

that, among the individuals of Ceratocystis examined by me, those lying in the same

position as a Cothurnocystis, with the obverse face exposed, show on that face definite

folds or notches along the inner edge of some lower marginals. These are best seen in

El 6074 (text-fig. 35), but their presence has been proved in other specimens, and I can

only explain them as indications of a subvective system. In the absence of a far greater

amount of material I hesitate to express any decided opinion as to the precise structure

of that system in Ceratocystis ; but the general argument from comparative anatomy

convinces me that the relative positions of intake and vent are as suggested here.
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§ 259. In drawing the above comparison I have not wished to claim Ceratocystis as

a direct ancestor of Cothurnocystis. Starting from Trochocystis, the trend of evolution

with which we have hitherto been familiar is towards a more heavily-plated form, and

Ceratocystis may have arisen from some intermediate link in that series as yet unknown

to us. The similarity of the curiously ornamented stereom in Ceratocystis to that in

both species of Trochocystis, at any rate, suggests some relationship. Where Cerato-

cystis departs from the main line of evolution is in the assumption of asymmetry in

place of proceeding to greater bilateral symmetry. The change of habit that induced

this divergence must have been the same as that which affected the later Cothurnocystis.

Text-fig. 35.

—

Ceratocystis Perneri.

Photograph from a squeeze of an imprint on Brit. Mus. E 16074, from the Paradoxides beds at Slapnitzer Miihle,

Skrej, Bohemia, x 3 diameters.

The projection homologous with the toe-spine of Cothurnocystis is in the middle line, at the top of the figure. The
curved notch is seen to the right of it, and beyond this the specimen is cut off. On the extreme left of the figure is the

stout, pointed marginal corresponding to the ball of the foot in Cothurnocystis. From this marginal a ridge runs to a point

above the stem, whence a ridge passes upwards to the front of the leg, and another downwards to the heel ; but these two
ridges are not clearly shown. Along the inner edge of this same marginal is a series of rounded notches, and a similar

series follows the lower edge of the adjacent plate that bears the above-mentioned ridge. The latter series coincides with a

similar series on the edge of the underlying marginal. Thus was formed a continuous series of elliptical openings along
the suture from the pointed marginal to the stem.

The coarse meshwork of the plates, with their rugose surface, is clearly shown, as is also the structure of the stem.

But it does not seem altogether reasonable to suppose that, having once lost the flexible,

finely-plated integument, this particular line of descent should have redeveloped it.

Of course, a flexible integument may be developed in connection with the vent, as we
shall see under Pleurocystis ; but in Cothurnocystis the small plates cover the reverse

as well as the obverse face, and the general tendency in such forms is for the plating

of the reverse face, at any rate, to become heavier. Therefore Cothurnocystis, though
later in time than Ceratocystis, may have arisen from some relation of Trochocystis that

retained the frame and flexible integument.
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§ 260. To express these conclusions in taxonomic form : while one might associate

Trochocystis, Ceratocystis, and Coihurnocystis in some larger subdivision of the

Heterostelea, it would not be proper to place Cothu^mocystis with one of them more

than with the other. Either the Family Anomalocystidae must be retained for these

genera as well as all those previously included in it (Bather, 1900, p. 49); or, if

Jaekel's Families Trochooystidae and Ceratocystidae be accepted, then a new Family

Cothurnocystidae must be placed by their side. It is the latter course which, in

the absence of known connecting links, I have thought it more prudent, to adopt

on this occasion.

Order: RHOMBIFERA.

§ 261. Diagnosis.—Cystidea in which radial symmetry affects the food-grooves and,

in the more advanced families, the thecal plates
;

probably also the nerves and

ambulacral vessels, but not the gonads. Food-groves supported on exothecal skeletal

processes (brachioles), which are either close to the mouth, or are removed from it

upon a series of special plates lying outside the thecal plates, or are separated from

the oral centre by hypothecal passages passing beneath tegminal plates. Stereom and

stroma in folds (rhomb-ridges) at right angles to the sutures of the thecal plates, which

folds are specialised as pectinirhombs in higher forms.

This diagnosis is the same as that previously given by me (Dec. 1906, p. 13).

§ 262. The Families previously included by me in the Rhombifera (Feb. 1899 and

1900) are: Echinosphaeridae, Comarocystidae, Macrocystellidae, Tiaracrinidae, Malo-

cystidae, Glyptocystidae, Caryocrinidae.

Prof. Jaekel (May 1901) has removed the Comarocystidae and Malocystidae

to his Class Carpoidea. Since that is a systematic conception which I am unable to

accept (§ 16), I leave those Families in the Rhombifera.

§ 263. Of the genera included in my Family Macrocystellidae, Dr Jaekel (1899)

does not mention Lichenoides Barr., but agrees with me in regarding Mimocystis Barr.

as not essentially different from Macrocystella. The latter genus finds no place in his

system of the Cystidea, but is held to be a link between primitive Cladocrinoidea

(Jaekel) and the Chirocrinidae (Jaekel). Since Macrocystella is not a Crinoid, accord-

ing to my definition of that Class, but a Cystid, I leave it in the Rhombifera. On the

present occasion its relations to the Chirocrinidae (Jaekel) are all that need discussion.

While Dr Jaekel takes it for a direct ancestor of Chirocrinus, I have regarded it rather

as showing "an early development of that tendency to reduce the number of plates,

which eventually evolved the Glyptocystidae from a different branch of the Rhombi-

fera " (1900, p. 56).

§ 264. There remain of my Families, the Echinosphaeridae, Tiaracrinidae, Glypto-

cystidae, and Caryocrinidae. These are placed by Dr Jaekel in an Order Dichoporita,

diagnosed by the presence of pore-rhombs and of special skeletal elements supporting

the subvective grooves on the theca. They are divided into two Suborders : RegularJa
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and Irregularia, of which the former corresponds with my Family Glyptocystidae, and

the latter comprises the Caryocrinidae, Echinosphaeridae, and " ? Fam. Tetracystidae."

This last is the equivalent of my Tiaracrinidae, and must retain that name, not merely

on grounds of priority, but because there is only one genus Tetracys/is, and that was

established in 1904 by C. Schuchert for one of the Apiocystinae {seu Lepadocystinae).

§ 265. The names Regularia and Irregularia, indicating the disturbance of peiita-

merism by an anal plate in the latter, seem to me peculiarly inappropriate ; for the

ordinary observer will scarcely suppose that so irregular a form as Pleurocystis is

one of the Regularia, or that so regular a form as Caryocriiius is one of the Irregularia.

Neither am I inclined to accept Prof Jaekel's view that his Irregularia are specialised

descendants of his Regularia.

There is much to be said for a taxonomic association of the genera included in

Jaekel's Regularia, and I attained this end by keeping them in a single Family

divided into Subfamilies. Prof Jaekel prefers to make of them a Suborder divided

into Families. The difference is one of degree, not of principle.

§ 266. But as for the Irregularia, Prof. Jaekel himself admits (1900, p. 291) that

they form " keine festgefligte Einheit wie die Regularia," and he does not even attempt

a diagnosis. His reasons for instituting a Suborder appear to be two : first, that if

the other genera be placed in one Suborder, then for purely practical convenience these

must be placed in another ; secondly, that it is possible, or, at any rate, has not been

proved impossible, that the three Families of the Irregularia, however independent in

their origin, still did arise, by sudden changes of similar character, from an ancestor

within the Regularia. Personally, I do not admit the probability of this ; but even

if I did, I should not consider it a very good basis for a Suborder.

It seems to me that either we must refrain for the present from splitting the

Rhombifera into Suborders ; or, if we are impelled to follow Prof. Jaekel in turning

the Glyptocystidae into a Suborder, then we must take the same action with the

Caryocrinidae, the Echinosphaeridae, and various other Families or groups of Families.

But our knowledge is certainly not enough to enable us to pursue the latter course with

any surety. Therefore the only line of safe progress is to consider whether it might

be advisable to split up any of the existing Families.

§267. That the Glyptocystidae (= Regularia) form a closely related group has

been independently maintained by Prof. Jaekel and myself. Further than this, we
were both led to reconstruct an identical ancestor or archetype for the whole group,

and to fix on Mimocystis as the actual fossil most closely resembling this (see Jaekel,

1899, f 37 ; Bather, 1900, p. 59, f. xxi.).

§ 268. Here, once for all, let me explain clearly that though Prof Jaekel and I

have constantly been for the past twenty -five years in the most friendly communica-
tion, still, when we were at the same time time preparing our two big books on this

subject, we could not mutually discuss every new opinion. Each of us had his text

already in type before the publication of the other's work. Thus, while Dr Jaekel
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was unable to refer to the scheme of classification which I laid before the British

Association in 1898 (pubd. Feb. 1899), I, for my part, could not do more than insert

the briefest reference to his new genera (Nov. 1899) in the final paged proofs of the

"Treatise" (Feb. 1900). In these circumstances it is highly satisfactory to find how

closely we agree in our descriptions of structure, especially in the numerous features

that had not previously been observed, and how often we have arrived at the same

conclusions concerning the affinities of difficult genera and the circumscription of

minor groups. The differences between us depend rather on a different attitude of

mind, and consequently affect those hypotheses in the framing of which one is forced

to build on a somewhat imaginative foundation. When we agree, we are very likely

to be right. When we differ, the future writer with more facts will probably differ

from us both.

§ 269. For convenience of reference, the classification of Prof. Jakkel is given here.

Regularia.

Chirocrinidae.

Chirocrinus.

Cystoblastidae.

Cystoblastus.

Pleurocystidae.

Pleurocystites.

Scoliocystidae.

Ecliinoencrinites.

Erinocystis.

Glaphyrocystis.

Scoliocystis.

Prunocystites.

Schizocystis.

Callocystidae.

Glyptocystinae.

Glyptocystites {multiporus only).

Apiocystinae.

Meekocystis [ = Lepadocystis P.H.C.].

Apiocystites.

Staurocystinae.

Pseudocrinites.

Staurocystis.

Callocystinae.

Hallicystis.

Sphaerocystites.

Callocystites.
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!j 270. To facilitate comparison, the accompan3'ing diagrams (text-figs. 36, 37) show

the terminology and symbols used by Dr Jaekel and myself respectively.

left left right right

anterior posterior posterior posterior anterior anterior

IR R IR R IR K IR R IR R

Circlet V

IV

L3 lA
Deltoidea

III 10

Basalia

Text-fig. 36.—-Anaugemeut of plates in the sujjposed archetype of the Glyptocystidea. The numbers on the

plates were originally given by E. Forbes, and are those used in the present memoir. In the lettering

at tlie top, IR = interradiiis, R= radius. Plate 23 bears two pores (?hydropore and gonopore). The

notches in plates 15-19 represent the primitive position of five food-grooves. Between 7, 8, and 13

lies the anus. Pectinirhombs not shown.

-a a A a 6 Deltoidea

Radio

^Medio > lateralia

Infra

Basalia

Text-fig. 37.—A precisely similar diagram to tig. 36, but with the numbers used by Jaekel.

from the posterior interradius and pass round the theca in a dextral direction.

These start

§ 271. From the real or supposed archetype of the Glyptocystidae I derived three

Subfamilies : Echinoencrininae, Callocystinae, and Glyptocystinae. Within these

Subfamilies I pointed out various groupings of genera that seemed to indicate a

phyletic connection.

§ 272. The Echinoencrininae correspond exactly with Jaekel's Scoliocystidae,

and the only reason he did not take the obvious name Echinoencrinidae was his

objection to the length and etymology of the name Ecliinoencrhiites. But whereas

everyone could have understood at once what was meant by Echinoencrinidae, nobody

was familiar with the new, rare, and untypical genus Scoliocystis, a name, moreover,

liable to be confused with the earlier Scolocystis Gregory (1897). Therefore, while it

may be convenient to follow Dr Jaekel in according to this assemblage Family rank,

it seems advisable to give it the name Echinoencrinidae. For the present no Sub-

families have been or need be proposed.
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§ 273. The Callocystinae correspond with Jaekel's Callocystidae, except that

Jaekel includes also Glyptocystis, restricted to the genotype, G. mvltipoi'a Billings

(text-fig. 38), which I have placed with Cheirocrinus and its allies in the Glyptocystinae

(Bather non Jaekel). Although this results in an awkward difference of nomenclature,

the actual difference of opinion is not great. Dr Jaekel so fully recognises the dis-

tinction of this species from the rest of his Callocystidae that he has to put it all by

itself in a Subfamily characterised by several primitive features : the relatively wide

periproct, the large number of pectinirhombs, the simple pentamerism of the subvective

system, and the paucity of brachioles. Glyptocystis, he says (1899, p. 277), "is so

intimately connected with the younger types of Cheirocrinus, that it is scarcely necessary

to suppose the original existence of older connecting-links with essentially different

organisation. The transportation of Cheirocrinus larvae from Russia to America might,

Text-fig. 38.—Analysis of Glyptocystis viidtipora, modified from E. Billings. The deltoids are not

known, but the black spot indicates the position of the posterior pore-bearing plate 23. The subvective

grooves, which are not shown in the diagram, extend over the surface of the radials and subjacent plates,

almost to the base, except the anterior groove on plate 15.

in my opinion, have exerted an influence quite enough to explain the difference in the

organisation of the adults." If, then, we inquire why, in spite of this admittedly inti-

mate connection with Cheirocrinus, Dr Jaekel transfers the genus to the Callocystidae,

we find the answer in his opinion that the younger representatives of that Family are

descended from Glyptocystis, and are connected with it in their characters. The grade

of differentiation to which Dr Jaekel alludes as being essentially the same in all these

genera is presumably the extension of the subvective system over the thecal plates,

combined with the partial or complete suppression of the anterior groove in many

genera. I considered this in 1900 (pp. (30, 64), but concluded that the derivation of

the Callocystinae from Glyptocystis was " negatived by the different modification of

the thecal plates." Let us consider only that point which affords the strongest argu-

ment for Prof Jaekel. He justly infers that in Glyptocystis the groove on plate 15

(his I" 3) was prevented from passing down the theca to the same extent as the other

grooves by the pectinirhomb 15-10. But this is only half the explanation. That

pectinirhomb acts as a bar, because it is drawn right across the path ; in other words,
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plate 10 (Jaekel's I' 2>) lies immediately under plate 15, so that the rhombiferous

suture is almost horizontal. This feature is one of those that connect Glyptocystis

with Cheirocrmus (text-fig. 40) ; it is not found in Mimocystis, but is a character-

istically Cheirocrinid modification of the regular archetypal plan. In this respect

Text-fig. 39.—Analysis of Lepadocystis Moorei, based on Meek's figures (1871 and 1873).

Radials notched by subvective grooves. Pore on plate 23.

the primitive Callocystid Lepadocystis P. H. Carp. ( = Meekocystis Jaekel, text-fig.

39) and most of the Callocystinae more nearly resemble the archetype. In them it

is not this suture with its rhomb that bars the way, but the enlargement of rhomb

14-15 ; and if Glyptocystis had retained their more primitive arrangement of plates,

the anterior groove could easily have passed between the rhombs of plate 15. The

Text-fig. 40.—Analysis of C/i«i>omnMs ^e«w?'g'cr, modified from Fr. Schmidt,

as in Bather (1900). (See further § 293.

)

shifting of the suture seen in Glyptocystis and Cheirocrinus is due to the enlargement

of the periproct, which has shoved the neighbouring upper plates out of their archetypal

position. In the Callocystinae the periproct is relatively small, and the shifting of

the plates correspondingly slight. Now which view is the more reasonable : that the

process of evolution was reversed in these respects ? or that Lepadocystis and its allies

descended from the archetype independently, through some link at present undis-
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covered ? The former view is that of Dr Jaekel ; the latter is that which I have

maintained.

§ 274. Dr Jaekel has divided the remainder of his Callocystidae into SubfaniiUes

that correspond fairly with the lines of evolution indicated by me in 1900 (p. 61). To

discuss these in detail would be too far from the subject of this memoir, but I may be

allowed to state my position briefly. The separation of Callocystis, Sphaerocystis,

Strohilocystis (overlooked by Jaekel), and Coelocystis, founded in 1903 by Schuchert,

is natural and may be convenient. They form the Subfamily Callocystinae.

§ 275. To adopt Staurocystis Haeckel for Pseudocrinus quadrifasciatus may be

justified, and it is tempting to continue to mark its resemblance to the restricted

Pseudocrinus, by placing the two genera in an independent Subfamily. But if this

were done, it would scarcely be consistent to leave Lepadocrinus (syn. Apiocystites)

in the same Subfamily as Lepadocystis (syn. Meekocystis). Such multiplication of

Subfamilies, even if justified on speculative grounds, is certainly of no practical con-

venience. Therefore I prefer to retain all these genera in one Subfamily. For this

neither of Jaekel's names will serve, since Staurocystinae is manifestly inappropriate,

and Apiocystinae cannot be used if Apiocystis is a synonym of Lepadocrinus. There-

fore the name Lepadocystinae is retained.

§ 276. We come, at last, to those genera which I have assembled in the Subfamily

Glyptocystinae, viz. Glyptocystis, Cheirocrinus, Pleurocystis, and Cystohlastus,

In the first place, the Subfamily may be raised to the rank of a Family, so as to

correspond with the Echinoencrinidae and Callocystidae. But, since Dr Jaekel has

placed each of those genera in a separate Family, one should perhaps consider whether

all should properly remain in a single Family, or, if so, whether that Family should

be subdivided.

§ 277. Glyptocystis has already been discussed (§ 273), and, if it is to be moved

from the Callocystidae (sensu Jaekel), it must certainly be placed very close to

Cheirocrinus.

§ 278. Pleurocystis, it is true, looks very different from Cheirocrinus, and Dr

-Jaekel in his phylogenetic tree (1899, p. 174) has derived it, not directly from Cheiro-

crinus, but from his Scoliocystidae ( = Echinoencrinidae). On the other hand, he has

himself emphasised the close relations of the oldest species of Pleurocystis to Cheiro-

crinus (pp. 231, 232, 233, and 234), and apparently would infer that Pleurocystis has

arisen as a natural modification of the Cheirocrinus plan of structure. It seems to

me that, if the distinction between the two be marked by making Pleurocystis an

independent genus, so their connection should be indicated by placing both in the

same Family.

§ 279. The structure of the remaining genus Cystohlastus has been independently

analysed by Dr Jaekel (1899, p. 233) and myself (1900, p. 66) in the same manner,

and as a natural result we are agreed upon its relations to Cheirocrinus. Dr Jaekel,

however, believes that Cystohlastus is a link between Cheirocrinus and the Blastoidea,
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and this no doubt has strengthened his decision to place it in a separate Family. Here

we part company, for I regard the resemblance to the Blastoidea as purely homoplastic

(1900, p. 65), and have therefore retained the genus in the same Family as

Cheirocrinus.

§ 280. It would be possible, while keeping all these genera in one Family, to

distribute them among Subfamilies ; but, since this would involve the erection of a

Subfamily for each genus, no practical convenience would be served by it. It will be

time enough to take this step when additional allied genera are discovered.

§ 281. The following, then, is the scheme of classification to which I am led after

considering the theoretical opinions of Prof. Jaekel's admirable work and the new

genera established by Dr Schuchert (1903, 1904):—
Fam. Echinoencrinidae :

Echinoencrinus, Erinocystis, Glaphyrocystis, Scoliocystis, Prunocystis,

Schizocystis.

Fam. Callocystidae :

Subfam. Lepadocystinae :

Lepadocystis, Lepadocrinus, f Hallicystis, Tetracystis, Jaekelocystis,

Staurocystis, Pseudocrinus, Trimerocystis.

Subfam. Callocystinae

:

Callocystis, Sphaerocystis, Strohilocystis, Coelocystis.

Fam. Cheirocrinidae

:

Cheirocrinus, ? Homocystis, Glyptocystis, Pleurocystis, Cystohlastus.

§ 282. Although there are reasons (§ 266) for not separating these Families from

other Rhombifera as a Suborder, still their close relationship must be recognised, and it

will save repetition in their diagnoses if they are grouped in a Superfamily. This will

correspond to my former Family Glyptocystidae, and I therefore designate it

—

Superfam. : Glyptocystidea.

Diagnosis.—Ehombifera with a theca composed of five circlets of plates, theoretically

alternating and five in each circlet, but with two plates of Circlet I., viz. right posterior

and right antero-lateral, fused into one plate, 3 [for convenience the plates are numbered

according to the diagram, text-fig. 36], and with other plates variously modified

in size and position. Anus, or periproctal area, between Circlets II. and III., in

right posterior interradius. Hydropore in Circlet V. defines posterior interradius.

Pore-rhombs restricted in distribution and exaggerated in structure, forming pectini-

rhombs
; that uniting plates 1 and 5 is constant (exc. 2 spp. Pleurocystis). Mouth at

one pole of the long axis ; from it over the theca radiate food-grooves, primitively 5,

by reduction 4, 3, or 2 ; these are bordered by the plates of Circlet V. or by plates

derived from their proliferation ; and these side-plates bear facets for brachioles of
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biserial structure. Stem constant, at the other pole of the long axis ; its proximal region

tapering rapidly and composed of low, flanged columnals with wide lumen, its distal

region tapering gradually and composed of columnals with a narrower lumen.

Fam. : Cheirocrinidae.

§ 283. Diagnosis.—Glyptocystidea in which some plates of Circlet III. are shifted

between those of Circlet IV., or conversely, combined with the gradual crowding out

of plate 13. Pectinirhombs 14-15 and 12-18 (so characteristic of Echinoencrinidae

and Callocystidae) are here suppressed.

§ 284. The name "Cheirocrinidae" has now been chosen instead of the old-established

" Glyptocystidae," so as to avoid confusion with other senses of the latter name, and in

particular to render it possible for anyone to follow Prof. Jaekel in transferring

Glyptocystis to the Callocystidae without having to alter any Family name.

§ 285. The divergence in the modifications of the included genera renders it difficult

to draw up a diagnosis that shall cover them all. Logically, this would warrant the

placing of each genus in a separate Subfamily ; but practically that would merely

mean the printing of the names Cheirocrininae, Glyptocystinae, Pleurocystinae, and

Cystoblastinae, without any alteration of the generic diagnoses (cf § 280).

§ 286. Cheirocrinus.

1856. Cheirocrinus C. E. v. Eichwald, Bull. Soc. Imp. Nat. Moscou, vol. 29, part 1, p. 123.

Also p. 69 of the separately published reprint, 1857.

1857. Glyptocystites Bill, (pars), E. Billings, Geol. Surv. Canada, Eep. Progr., 1856, p. 280.

1857. Glyptocystites Bill, (pars), E. J. Chapman, Canad. Journ., n. ser., vol. 2, p. 303.

1858. GlyiJtocystites Bill, (pars), E. Billings, Canad. Org. Rem., dec. 3, p. 53.

1859. Cheirocrinus Eichw., C. E. v. Eichwald, " Lethaea Rossica/' livr. 5, p. 645.

1859. Glyptocystites Bill, (pars), J. Hall, "Palaeont., N.Y.," vol. 3, p. 151.

1874. Glyptocystites Bill., F. Schmidt, Mem. Acad. Sci. Petersbourg, ser. 7, vol. 21, No.

11, p. 8.

1878. Glyptocystis Bill., N. P. Angelin, "Iconogr. Grin. Suec," p. 31.

1879. Glyptocystites Bill., K. A. Zittel, "Handb. Palaeozool," vol. 1, p. 423.

1887. Homocystites J. Barrandb, " Echinodermes . . . Extraits du Syst. Silur.," 8vo, pp.

Also 116, 245. "Syst. Silur. . . . de la Boheme," vol. 7, "Echinodermes, Cystidees,"

pp. 77, 160 (excl. H. tertius).

1891. Glyptocystis Bill, (pars), P. H. Carpenter, Journ. Linn. Soc, Zool., vol. 24, pp. 11, 12.

1891. Homocystis Barr., P. H. Carpenter, torn, cit., p. 13.

1896. Homocystis Barr., E. Haeckel, "Amph. und Cyst./' Festschr. Gegenbaur, p. 149.

1896. Glyptocystis Bill., E. Haeckel, op. cit., p. 150 (excl. genotype of Glyptocystis).

1899. Chirocrinus Eichw., 0. Jaekel, "Stammesgesch. d. Pelmat.," vol. 1, p. 212.

1900. Cheirocrinus Eichw., F. A. Bather, "Treatise on Zoology : Echinoderma," p. 63.

1900. Homocystis Barr., F. A. Bather, op. cit., p. 64.

§ 287. Diagnosis.—A Cheirocrinid with large periproct bounded by plates 7, 8, 12,

13, and 14, and filled with small plates; with numerous pectinirhombs, varying in

number, but found in all Circlets I.-IV. ; with five subvective grooves radiating from

the mouth, between the deltoids, on to the plates of Circlet IV., each groove giving off
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at least two side-branches, and leading to brachioles which are relatively thin and not

longer than the height of the theca.

§288. Genotype.— Cheirocrinus penniger 'EAcksv . This species was introduced as

Cyathocrinitis penniger by Eichwald in 1842 (p. 78, pi. i. f. 10). The holotype was

said to come from Wesenberg, and fragments were recorded from Eeval and with less

certainty from Pawlowsk. When founding the genus (1856) Eichwald only mentioned

Eeval; but in " Lethaea Eossica " (1859, p. 646) he gave the horizon as Calcaire a

Orthoceratites, and the localities as Wesenberg and Pulkowa.

Fr. Schmidt (1874, p. 20) confirmed the localities Wesenberg and Eeval, and fixed

the horizon as the uppermost part of the Orthoceras Limestone or Vaginatenkalk. The

specimens from other localities or horizons have been referred either by Schmidt (1874)

or by Jakkel (1899) to other species. When, therefore, Jaekel (1899, p. 220) gives

the locality as " bei Petersburg," this must be understood in a very broad sense.

The precise horizon of C. penniger is still not clear to me. Lamansky (1905) threw

no light on the matter. According to Schmidt (1874) it should be at the very top of

the Orthoceras Limestone (B3) and just below the Brandschiefer of Kuckers (Cl).

But, though the Eeval specimens may have been found at this horizon, the holotype

from Wesenberg must have come either from one of the higher series D, E, or F, and

presumably from the AVesenberg Limestone (E) itself, or else it must have been in a

drift block of B3, as were some of Schmidt's specimens.

§ 289. History of the Genus.—As shown by the list of synonyms, this genus was

long confused with Glyptocystites, established by E. Billings in April 1854, with the

unique genotype G. multipora [sic]. The distinction between the two was recognised

by Haeckel (1896), who, however, committed the systematic error of transferring the

genotype itself to Callocystis and retaining the name Glyptocystis for the other species.

This was rectified by Jaekel (1899) and myself (1900).

§ 290. The genotype of liomocystites Barrande is H. alter. Dr Jaekel, who has

examined the original material, is unable to distinguish this from Cheirocrinus ; and,

in the absence of further evidence, I am prepared to accept his decision. H. tertius

Barr. is more obscure. Dr Jaekel believes that it will eventually prove to belong to

a new genus, for which he proposes the name Leptocystis (1899, p. 222). It appears

to diifer from Cheirocrinus in the distribution of the pectinirhombs and in the structure

of the proximal region of the stem.

§ 291. Description of the Genus.

—

Cheirocrinus has been so fully described by

Fr, Schmidt (1874) and by Jaekel (1899), not to mention my more concise interpre-

tation (1900), that I propose here to dwell only on the more difficult points and on the

statements that need modification.

The Theca is higher than wide, but the irregular shape of some species, especially

our new C. constrictiis, forbids the general application of the term " oval."

§ 292. The base is often invaginate, but does not seem to be so in some species,

e.g. C. alter Barr. sp., C. Walcotti Jaekel, and C. Forbesi Bill. sp. This, therefore, is
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not a diagnostic character. Further, it is difficult to accept Dr Jaekel's view of it

(1899, p. 214) as more primitive than a normally convex base.

§ 293. The composition of the theca presents no particular difficulties in the three

lower circlets, and here Dr Jaekel and I are agreed. Circlets IV. and V., however.

*^ ^ / \ 13> ^-^ \ /
''y

Text-fig. 40 bis. —Analysis of Cheirocrinus penniger, as in Bather (1900), repeated for

comparison with text-fig. 41.

are subject to so much variation that their interpretation is not easy. In 1900 (p. 63,

f. xxxii.) I gave an analysis of Cheirocrinus penniger based on the work of Fr. Schmidt

(text-fig. 40 his). Dr Jaekel's analysis (1899, p. 196, f. B ; our text-fig 41) agrees with

Text-fig. 41. ^Analysis of Cheirocrinus penniger, after Jaekel (1899). To construct this diagram, the

outlines of the plates have been traced from .Jaekel's figure, but all have been spaced out, and those of

the right anterior radius and interradius and of the anterior radius have been moved to tlie right-hand

side of the diagram. By this means, and by the substitution of numbers 1-24 for the symbols of Jaekel
(cf. text-fig. 37), the diagram is rendered comparable with text-fig. 40 his. The numbers " 18 (or 24 or 23)

"

and " 24 (or 18) " refer to the plates immediately below them. The alternative numberings are explained

in the text.

this in the form and position of all plates numbered by me 1 to 19, or even, if allowance

be made for my addition of the side-plates, up to the deltoid plate 22. Plate 23, the

posterior deltoid, is placed by Jaekel above the suture between 17 and 18, and this,

morphologically considered, is undoubtedly preferable to its position in my diagram

above plate 18. The plate which I have numbered 24 does not appear at all in
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Jaekel's analysis, in which the sign l"'b [ = 24] is affixed to the plate that 1 have

numbered 18a. If Dr Jaekel's diagram were a correct statement of fact, then this

interpretation of his would seem superior to mine. Unfortunately, on pp. 201 and 213,

he himself expresses doubts as to the correctness of the drawing, and, on the evidence

of better material, suggests that his plate I" b [= 18] is really V"l, that is to say, the

posterior deltoid 23, and that his plate l"'b [= 18a] is really l"b [=18]. This would

do away with his I'" \ [=23] or reduce it to the status of a side-plate, and it would

provide nothing to take the place of deltoid 24, the true I'" b. Dr Jaekel's original

interpretation certainly is easier to understand.

§ 294. Turn now to Dr Jaekel's analysis of C. radiatus (1899, p. 213, f 40 ; our

text-fig. 42). Here a similar difficulty meets us. The plates follow regularly till we

reach a plate (lettered Z'"l = 23) occupying the position of 18 in my diagram.

Between this and plate 19 is a quadrangular plate (lettered I" 5 = 18), resting on 13

Text-fig. 42.—Analysis of Cheiroerinus radiatus, after Jaekel (1899). This diagram

has been constructed in the same way as text-fig. 41,

and corresponding to my 18a. From this diagram it is quite impossible to imagine

how the tegmen was constructed. But there are now other reasons for doubting its

accuracy and its interpretation.

§ 295. The abundant material of Cheiroerinus constrictus has enabled me to present

an analysis (text-fig. 43), of which every essential element can be demonstrated. In

this there can be no question as to the interpretation of the five plates in Circlet IV.

;

obviously they are plates 15-19, the Radiolateralia l"l-l"b of Jaekel. The form

and relations of plate 18 in particular are perfectly clear, and its homology with

plate 18 in my analysis of C. penniger [IdQQ) is self-evident. That plate, therefore,

is, as Dr Jaekel originally supposed, a radiolateral l"b ; and the same indubitably is

the case with the corresponding plate in C radiatus. On this point disagreement

no longer appears possible.

§ 296. Cheiroerinus constrictus, however, has no thecal element corresponding to

my plate 18a, i.e. l"b [=18] in Jaekel's analysis of C. radiatus. What, then, is

that additional element ? It is no longer possible to regard it as a radiolateral
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I" 5, and the choice lies between my interpretation of it as due to the fission of

18 or to the intercalation of an entirely fresh plate, and Dr Jaekel's original in-

terpretation of it as deltoid I'" 5 [ = 24]. The latter view is inconsistent with the

structures drawn in Jaekel's analysis of C. radiatus, since they already include

an V" b ; but stress should not be laid on that, for it is clear that the tegmen of

this species is too small and compressed to be studied with ease. In C. constrictus

the tegmen (text-fig. 44) consists of five deltoids in the normal position, and of these

the posterior, plate 23, is the widest. To accommodate this greater width, and to

receive the right posterior subvective groove with its numerous branches, the underlying

thecal plate is widened, and that plate is 18 [ = I" b\ which thus extends further beneath

the posterior deltoid than one might expect. There is no enlargement of deltoid 24.

^ O'' ^^ O^' (3

Fig. 44.

Fig. 43.

Text-fig. 43.—Analysis of Gheirocrinus constrictus. The invaginate portion of the basals is indicated by a

broken line.

Text-fig. 44.—Diagram of the tegmen of Chcirocrinus constrictus, showing the true outline of the deltoids

(20-24). The radiodeltoid sutures are not shown in the diagram since their precise position has not been

satisfactorily made out, owing to the presence of the proliferated tegminal elements shown in

text-figs. 54, 55. Two of those elements are so large as to obtain representation in this diagram, to the

right and left of the posterior deltoid, 23.

Consequently C. constrictus, at any rate, affords no reason for supposing that plate 24

could have been forced down into Circlet IV., but supports the suggestion that plate 18

may have widened still more and divided into two, the main brachioliferous portion

passing to the left beneath plate 23, as diagrammatically represented in my analysis

of C. penniget^ (1900 ; our text-fig. 40 his).

In a word, the structure of C. constrictus supports my interpretation of 1900,

which, in the absence of such concrete evidence, I had felt inclined to give up.

§ 297. Our knowledge of the species of Chcirocrinus does not as yet enable us

to state in how many the plate 1 8a is found, or from how many it is certainly absent.

It is therefore not possible to use this character for the subdivision of the genus.

§ 298. The distribution of the pectinirhombs has only been recorded with

completeness for a few of the species, so that it is not easy to make general statements.

The assertion in the "Treatise on Zoology" (1900, p. 63), that rhombs 1-5, 1-6, with
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demirhombs 1-4, 1-2, are constant, now proves incorrect. Jaekel (1899, p. 217) had

already described the demirhombs as only " haufig," but did not say from which

species they were absent. It might be inferred from his description (p. 221) that they

were absent from C. alter, but they are represented in his plate 11, f. 8. At any rate

they are not developed in C. constrictus. That species, moreover, is peculiar in having

no rhomb 1-6.

I
299. Perhaps the most general statement that can be made is that, in one or

other species of Cheirocrinus, rhombs may occur in any of the positions shown in

J6^
"VJ-

\18i

Alius

14 ^
/ \\^^

"w p^^y/f^r m
'"13'-''

w/M^lOj^-'"^ •^-'-'S^ CrtTv^

s A "'Anus

14

Texi-fig. 45.—The actual distribution of all pore-rhombs knowu with certainty in the Glyptocystidea,

showing how a space is left clear where the gut may be supposed to press against the thecal wall.

iV.5.—This diagram is a corrected edition of that published in Bather (1900).

f. 20 on p. 58 of the "Treatise" (1900), with the addition of 5-6 and 11-12, both of

which are represented in Jaekel's analysis of C. radiatus (1899, p. 213). These

additions, as may be observed in the accompanying diagram thus altered, do not block

the track represented as made clear by the pressure of the gut (text-fig. 45).

Conjunct. Disjunct. Multidisjunct.

Text-fig. 46.—Pectinirhombs of Cheirocrinidae.

^ 300. Miss Wood (1909, p. 7) states that in C. angulatus "pectinirhombs are

present ... on plates L 1 to L'2 and L2 to L'2," i.e. 6-1 1 and 5-11. Both these positions

are unparalleled in the genus, so far as our knowledge goes. The unique specimen

unfortunately is very imperfect, and may present difficulties of orientation.

§ 301. The rhombs may have the folds continuous across the suture (Vollrauten,

conjunct rhombs), or interrupted above and on each side of the suture by a bridge of

stereom (Sperrauten, disjunct rhombs ; text-fig. 46). Conjunct rhombs are found in

TRANS. ROY. SOC. EDIN., VOL. XLIX. PART II. (NO. 6). 58
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C. giganteus Leuchtenb., C. atavus Jaekel, and C. constrictus. The arrangement in

C. angidatus Wood is not stated.

§ 302. In all other species, according to Dr Jaekel (1899, p. 220), all the rhombs are

disjunct. But this statement does not agree with his own figure of (7. alter (pi. 11, f. 8),

in which rhombs 16-17 and 17-18 are clearly conjunct.

§ 303. A further specialisation is the multidisjunct structure (text-fig. 46), first

observed by Dr Jaekel in his C. interruptus{YS99, pp. 185, 204, 217, 220, pi. 10, f. 9).

Here, instead of a single wide bridge along the suture, there are several narrow bridges,

between which the folds appear (see § 345, text-fig. 59).

§ 304. The proximal region of the Stem has been described by Dr Jaekel*(1899, pp.

183, 215) as consisting of ring-like columnals of two kinds: a series of larger, outer

ossicles, each with an outer collar or flange projecting upwards slightly

and to a greater extent downwards, and sometimes enveloping the

upper part of the flange below ; a series of smaller, inner ossicles,

alternating with the flanged ossicles, and invisible from the exterior

except when the stem is strongly bent (text-fig. 47). This descrip-

tion is based on stems of which the stereom is preserved. It seems

likely to be correct for the Russian species, but it is possible

that other species may have a slightly different structure. I am

unable to draw clear conclusions from the Girvan material, but ^^^'J^^' ^
''~ ° \

' section 01 the proxi-

the stem of C. constrictus seems capable of another interpretation mai region of the

, „ . stem of Cheirocrinus,

is "^"^Oj. based on Jaekel's

§ 305. The rather large encrusting roots, and the associated pen- drawing (i899, f. 34)

_ _ .
of a specimen from

tamerous columnals with very wide lumen, which Dr Jaekel believes the"Giauconitkaik"

to have come from the distal region of a Cheirocrinus stem (1899, '°^ the Baltic pro-

o V ' vinces ^.

pp. 183, 215), do not appear to me in the same light.

^ 306. The median region of the stem has hitherto been either unknown or

undescribed. Of C. Logani, E. Billings wrote (1858, p. 58), "the column is short,

strongly annulated, and tapering to a point at its lower extremity." At the Chicago

Exhibition (1893), however, I noted a specimen from the Trenton Limestone of Trenton

Falls, N.Y., in which the stem was rather long and tapering. This region will be found

described for C. constrictus (§ 328), and it will be clear that a stem of that nature, at

any rate, can have had nothing to do with the fragments described by Dr Jaekel

(§ 305). On the contrary, it suggests a continuance of tapering to the distal extremity,

and the entire absence of a root. Similarly, the lateral position of the anus with its

enlarged periproct suggests that the modification which gave rise to Pleurocystis had

already begun, that the animal no longer retained the normally erect pelmatozoic

position, at least in adult life, and that, in harmony with this change, it also relinquished

its primitive attachment (see further § 607).

§ 307. The Species of Cheirocrinus—The following arrangement has been pub-

lished by Dr Jaekel (1899, pp. 219, 221), but appears to have no general phylogenetic
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sio-nificance. The names of species subsequently described have been added in square

brackets :

—

(1) Pectinirhombs all, or at least on the base, conjunct.

C. atavus Jaekel (1899).

C. giganteus Leuchtenberg (1843, Gonocrinites).

[C constrictus Bather (n. sp.).]

(2) Pectinirhombs all [? see § 802] disjunct.

(a) Only with axial ridges between the umbones.

C. radiatus Jaekel (1899).

C. Logani Billings (1857, Glyptocystites).

C. interruptus Jaekel (1899).

C. Volborthi Schmidt (1874, Glyptocystites).

C. penniger Eichwald (1842, Cyathocrinitis).

C. granulatus Jaekel (1899).

C. ornatus Eichwald (1859).

C. Leuchtenhergi Angelin (1878, Glyptocystis).

G. nodosus Jaekel (1899).

(6) With axial ridges and parallel accessory ridges.

C. striatus Jaekel (1899).

[C. angulatus Wood (1909).]

G. alter Barrande (1887, Homocystites).

C. Walcotti Jaekel (1899).

G. anatiformis Hall (1847, Echinoencrinites).

(c) With cancellate ornament.

G. insignis Jaekel (1899).

G. Forhesi Billings (1857, Glyptocystites).

G. sculptus Schmidt (1874, Glyptocystites).

C. degener Jaekel (1899).

The name " Ghirocrinus canadensis " found on pages 108 and 1 1 2 of Jaekel's " Stammes-

geschichte " (1899), with a reference to " Taf XL fig. 8," is probably an error for

G. Walcotti, p. 221, Taf XL fig. 9. No species of Gheirocrinus has been described

under the name canadensis.

§ 308. Li the following table the species of Gheirocrinus are set forth according to

their geographical distribution and relative age. The names of the time-periods

are not inserted, since there is some difficulty in correlating the horizons in the

various countries. Our information as to the horizons of the species from the Russian

" Vaginatenkalk " described by Jaekel is not so exact as could be wished. Square

brackets indicate that the age of the contained species is uncertain :

—
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N. America. Britain. N.-W. Europe. Bohemia.

G. constridus

G. interruptus [C. interruptus]

G. Walcotti G. alter

G. anatiformis

G. Logani et var.

gracilis

[G. angulatus]

C. granulatus

G. degener

G. Leuchtenbergi

G. nodosus

G. Volborthi

G. penniger

G. striatus

G. insignis

G. ornatus

G. sculptus

G. atavus

G. radiatus

G. giganteus

G. Forbesi

§ 309. Fragments assigned to the genus, but not specifically determinable, have

been recorded from other parts of the British Isles (e.g. F. R. C. Reed, 1899, p. 723
;

also Acanthalepis Jamesi M'Coy), and from the Naungkangyi beds of the Shan States

of Burma (F. R. C. Reed, 1906). Doubtful plates from Girvan are mentioned in § 4.

The genus therefore existed throughout the greater part of the Ordovician Epoch,

and was distributed over the whole Northern Hemisphere.

Cheirocrinus constridus n. sp.

(PI. IV. figs. 49-56. Text-figs. 48-58.)

§ 310. Diagnosis.—A Cheirocrinus with base invaginate and theca constricted

towards top of Circlet III.; with no plate 18a; with pectinirhombs all conjunct, and

only 1-5, 10-14, 13-18, 15-16, 16-17, 17-18, 18-19, developed; ornament of single

axial ridges, faint radiate granulation, and very faint concentric folds ; columnals of

median (and ? distal) region with fine vertical ridges.

§ 311. Locality.—Thraive Glen, Girvan.

§ 312. Horizon.—The Starfish Bed in the Drummuck Group (§ 6).

§313. Material. — Fifty-one specimens, all in Mrs Gray's collection. Gl57 is

taken as holotype.

The following, definitely referred to this species, are paratypes : Gl33, Gl34,

G136-G138, G140, Gl41, Gl43, G145-G158, Gl60, Gl61, G163-G169, G176,

G178, G179, G187, G188, G222, G226, G227, G260, G261.

Except for a few isolated plates, all are in the form of either imprints or internal
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casts, and thirty retain their counterparts. No specimen is complete, and even the

theca is imperfectly seen in most.

§ 314. Description.—The Theca has a slightly impressed base (Circlet I., text-

fig. 48), whence it swells outwards to the level of the umbones of Circlet II. ; it is

constricted towards the summit of Circlet III., the constriction being accentuated by

the periproctal excavation ; and it expands slightly again towards the summit of

Text-fig. 48.

—

Cheirocrinus constrictus.

The bases of G133 and G 160, represented as nearly as possible in the same orientation,

viz. with the posterior interradius towards the observei', and thus manifesting the different

planes in which these two specimens are compressed. Enlarged about 2 diameters.

Circlet IV., where the brachioliferous median regions of the plates project; finally, the

tegmen, composed mainly of Circlet V. (Deltoidea), is approximately flat. Thus in

general shape the theca may be roughly compared to the helmet of an uhlan or lancer

(PI. IV. figs. 49, 51).

^--TS ,-«ffl#^ C2^

Text-fig. 49.

—

kwiXyais oi Cheirocrinus consirictus. The outline of deltoids 21, 22, 24, and 20 is based on

the sutures as seen in the internal cast of the tegmen (text-fig. 44) ; the proliferated brachioliferous

elements are shown only attached to deltoid 23. The arrangement of the periproctals is imaginary, but
their size and the outline of the area occupied by them are approximately correct. The invaginate

portion of the basals is indicated by a broken line.

§ 315. The outlines of the individual plates can be grasped more easily from the

accompanying analysis (text-fig. 49), based on examination of a large number of

specimens, than from any verbal description. In each circlet the plates abut laterally,

and alternate with the plates in the circlets above and below, it is strange to find

such regularity of plan in so late a representative of the genus.

§ 316. The plates are marked by raised narrow axial ridges, meeting in sharp



444 DR F. A. BATHER.

um bones on the plates of Circlets II. and III. (PL IV. fig. 56). In Circlet IF. the

umbones are below the centres of the plates. In Circlet III. they lie about half-way

up the plates, but are shifted to the right or left of the median vertical line according

to the modification of the plate ; only in plate 1 1 can the umbo be considered approxi-

mately central. In Circlet IV. the ridges ascending from Circlet III. meet at a point

a little below the lip of the subvective area.

§ 317. The surface of the plates is ornamented with a very fine granulation. This

is crossed by almost imperceptible growth-lines or faint folds parallel with the sutures,

and between these folds the granules tend to fuse into short irregular linear series

radiating from the umbones. This is best shown in Gl57 and G137, also in an isolated

plate, Gl80, in which the stereom is preserved (PI. IV. fig. 56); but even in these

the attempt at description seems to indicate greater definiteness than really exists. It

is far finer and fainter than the ornament described by Jaekel as " Gitterstruktur," and

explained by him as the crossing of growth-lines by subsidiary axial ridges.

§ 318. As usual in the genus the plates are very thin : "15 mm. at the edge of the

completely preserved plate Gl80.

§ 319, The Pectinirhombs are all complete and conjunct, and are confined to the

following sutures : 1-5, 10-14, 13-18, 15-16, 16-17, 17-18, 18-19, making a total of

seven. The demirhombs 1-4 and 1-2 usual in this genus, and the complete rhomb

1-6 found in all other species of the genus, are certainly absent. Of the rhombs con-

necting the plates of Circlet IV. only one is absent, and that one, 15-19, is just the one

that might be expected to disappear on the hypothesis that the distribution of the

rhombs is controlled by the course of the gut. The rhombs of the lower circlets are

reduced to three, and it is worth noting that these are not the same three as in either

Echinoencrinidae or Pleurocystis.

§ 320. The rhombs are surrounded by no raised margin. The number of folds is

approximately as follows: in 1-6, ? 30 (Gl65); in 10-14 from 32 (Gl66) to 37

(G188); in 15-16, 21 (Gl57), 22 (Gl88), and 26 (G261).

§ 321. The Periproct has a thickened rounded margin, coinciding in part with

the axial ridges of plates 7 and ] 2. The fossils lie in the rock in such a way that the

periproct is always to one side, though whether the natural position is to right or left

has not as yet been observed. The consequence is that the outline of the periproct

cannot be clearly seen, but it may be fairly well reconstructed from such specimens as

G143, G152, and Gl66 (text-fig. 50 ; PI. IV. figs. 49, 50, 55).

§ 322. Traces of periproctals are seen in Gl52 (PL IV. fig. 55), where the largest

that can be measured has a greatest diameter of 7 mm. There is no evidence as to

the position of the anus, but I suppose it to have been towards plate 19, with a rectal

expansion towards plates 12, 7, and 8 (see further § 600).

§ 323. The Tegmen consists in the first place of the five Deltoids, plates 20-24.

The internal cast of Gl87 seems to show that these met by sutures arranged on

the plan normal for quinqueradiate i^elmatozoa, viz. a triradiate suture at the oral
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centre, with its two lateral rays bifurcating (text-fig. 51). Thus deltoids 20 and 21,

to right and left of the median anterior suture, are of subquadrate outline ; the two

deltoids 24 and 22, at the right and left sides respectively, are of the usual subtriangular

outline; and the posterior deltoid, 23, would naturally be of subpentagonal outline.

This last plate, however, occupying a wider area than any of the others, appears to

have been divided into three by curved sutures cutting off its outer corners, so that

it assumes a heptagonal outline. The right-hand portion thus cut off is larger than

the left-hand portion. An extended pore (?gonopore) appears to lie on the curved

suture separating the body of the plate from its left-hand portion ; and at the other

end of the plate appears to be a folded and probably poriferous elevation (? hydropore).

§ 324. The deltoids thus rest on the plates of Circlet IV., and the sutures between

the deltoids underlie the five main grooves of the Subvective System (PI. IV. figs.

52, 54). The surface of each deltoid is excavate in the middle along the interradius.

Fig. 51.

Text-fig. 50.—The outline of the Periproot of Chcirocriiiiis constrictus, reconstructed from various specimens,

and showing its relation to the adjacent plates with their pectinirhombs and axial ridges. Note the

absence of pectinirhombs in the neighbourhood of the supposed rectal expansion, and compare text-fig. 45.

TuxT-FiG. 51.—The structure of the Tegmen in Cheirocrinus constrictus, based on G187, as explained

in § 323. Enlarged about 4 diameters. (See further the legend to text-fig. 44, and compare with
text-figs. 52-55.)

and the sides rise up towards the grooves. The sutural margins of the deltoid are

chamfered to form the groove, and are furnished with a rebate along which small

alternating cover-plates were attached. This chamfering and rounding of the margins

obscures the true angular outline of the deltoids as inferred from the sutural markings

on the internal cast, and produces a smoothly rounded or semicircular outline on the

adoral side.

The form is still further modified by the branching of the grooves at their distal

or aboral ends, and so assumes the outline of a battle-axe head (text-fig. 52).

v; 325. It is not possible to reconstruct every one of the grooves from the available

material, but it seems probable that the three anterior grooves, corresponding with

plates 16, 15, and 19, branched three or four times, and bore as many brachioles (text-

fig. 53); but that the groove corresponding with plate 18 followed the suture, cutting

off the adjacent right-hand corner of the posterior deltoid (23), and gave off bifurcating

branches on its right side, so that the number of brachioles was five (text-fig. 54).

The same cannot have been the case with the corresponding grooves on the left of the
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posterior deltoid, because the pore or pores would have stopped its passage along the

suture ; therefore that groove, leading towards plate 18, probably had no more than

three or four brachioles.

§ 326. It is not always clear whether the brachioles were borne by the actual thecal

plates of Circlets IV. and V., or whether there was what I have called a proliferation

of the deltoids—an intensification of the splitting described for deltoid 23, by which

separate epithecal plates were formed for the support of the brachioles. That this

may have been the case, at least to some extent, is suggested by the row of small

plates at the top of plate 19 in Gl33 (Plate IV. fig. 51 ; see also text-fig. 54).

The brachiole-facet is rarely distinct. The best example is on plate 19 of Gl33

(text-fig. 56), and shows a faint fulcral ridge, separating the ligament-fossa from the

two muscle -foss£e, as depicted by Jaekel for Callocystis (1899, p. 90, f. 14c).

Fio. 52. Fig. 53. Fig. 54.

Text-figs. 52-55.— Deltoids and Food-grooves of Oheirocrinus constrictus. Sketches enlarged about 6 diameters.

Fig. 52.—Plate 21 of G 261, with the proximal, i.e. adoral, region towards the observer. The convex curve of this region is

bounded by the main food-grooves The concave curves on the distal margin are due to the branches of the food-grooves,

which separate the proliferated brachioliferous elements (cf. PI. IV. fig. 52).

Fig. 53.—The fjod-grooves that branch towards the curved margin of plate 15, in G157 (see PI. IV. fig. 49). A few cover-

plates are preserved.

Fig. 54.—The main groove between the large deltoid 23, on the left of the drawing, and the medium-sized deltoid 20, at the top

of the drawing, bifurcates as it reaches the small deltoid 24, to the right of the drawing. The branch between 23 and 21

is continued round 23 by the proliferation of plates from 24, and between those plates it gives off' branches, each of which

ends in a brachiole-facet (not visible in the figure), making iive facets in all to this right posterior groove. These facets lie

above the radial plate 18. Between deltoids 23 and 24 some cover-plates are still seen, partly sunk into the groove. The

.sketch is made from G 145.

Fig. 55.—The groove passing between deltoid 21 on the left and 22 on the right, towards radial 16, is seen broken up into

at least four grooves passing between brachioliferous plates proliferated from those two deltoids. A few cover-plates

are preserved. The vertical line on the left is the suture between radials 15 and 16. Specimen G 261 ; cf.

PI. IV. figs. 52, 53.

§ 327. Impressions of the Brachioles seen in a few specimens (esp. Gl57,

Gl67, and G261) show that those organs had the normal biserial structure with a

distinct ventral groove (PI. IV. figs. 51, 53). The diameters observed are 7 mm.

(Gl57), "5 mm (G261). The greatest length from the theca attained by any

fragment is 12 mm. (G157).

§ 328. The Stem in Gl57 (PJ. IV. fig. 49) is preserved to a length of 39 mm.

The proximal region merges so gradually into the median region that its length can

only be estimated arbitrarily as 18 mm., within which distance its diameter decreases

from 5 "2 mm. to 2'3 mm. In the 21 mm. of the median region the diameter continues

to decrease to 1 '5 mm. The more proximal visible columnals of the proximal region have



CARADOCIAN CYSTIDEA FROM GIRVAN. 447

an average height of '57 mm,, and are approximately equal. Distally they become

lower, and seem to alternate in height. In the median region several of the low

columnals seem to fuse to form compound columnals, at first retaining the transverse

rings of the original columnals, but in the distal part of the region becoming smooth.

At the same time they increase in height from 2 mm. to 4*4 mm.

§ 329. The structure of the proximal region is really more complicated, but it is

rather difficult to reconstruct its exact arrangement. The columnals are flanged

outwardly, but in some cases the flange seems to be at the top, in other cases at the

bottom. In Gl33 one counterpart shows the columnals imbricating distalwards, the

other shows a proximal imbrication.

§ 330. The accompanying diagram (text-fig. 57) gives my idea of the structure of the

proximal region : a large flange at the top, sometimes marked off" from the lower part

of the columnal by a slight groove ; a small flange at the bottom, normally fitting inside

muscle-fossa

fulcral ridge

— _ ligament-fossa

Fig. 56. Fig. 57. Fig. 58.

Text-fig. 56.—Brachiole-facet of Chcirocrinus constrictus. This is borne by two proliferated plates at the

top of radial 19 in G133. Enlarged about 40 diameters. Cf. PL IV. iig. 51.

Text-fig.s. 57, 58.—Solid sections of Proximal region of Stem in Cheirocrinus constrictus. Fig, 57 shows the

proximal region proper ; fig. 58 the tract where it merges into the median region. These diagrams are

provisional interpretations of the appearances presented by squeezes. Cf PL IV. figs. 51 and 56.

the large flange. On the interior the ossicles have a slight transverse groove. It is

possible that the large flange represents an original independent flanged columnal, and

that the intermediate region represents an originally inner columnal (" Schaltglied,"

Jaekel). Naturally it is almost impossible to decide in these casts whether a certain

appearance represents a suture or a mere impressed groove.

Where the proximal region merges into the median region the upper flange becomes

very large, the groove between it and the lower part of the columnal accentuated, and

that part of the columnal lower but swollen ; thus is produced the appearance of high

and low columnals alternating (text-fig. 58).

§ 331. Occasionally in the proximal region there seems to be a slight indication

of tubercles on the flanges. In the median region these have developed into longi-

tudinal ridges, well seen in G 133, where there are about eight in a width of '8 mm.

§ 332. The distal end of the stem is not preserved in any of these specimens. I

am therefore unable either to confirm or disprove Prof Jaekel's suggestion ; but, as

previously explained (§ 306), all the probabilities are against it.
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§ 333. Measurements of Cheirocrinus constrictus in millimetres :-

G157. G188. G133. G152. G166.

Height of theca 21-5 22-8 22 23-7 21

Width at Circlet H. 18 17-7 17-2 17 16
Width at top of Circlet III. . 14 ca. 11 ca. 9 12-5 12-5

Width of tegmen . 177 ca. 14 13-7 13-5 14

Length of stem 39 32 30 35 32
Proximal diameter stem .

5-2 4-8 5 4-6 5-8

Distal diameter stem 1-5 1-5 1-5 M 1-6

§ 334. Relations of the Species.—In the conjunct pectinirhombs C. constrictus

agrees only with C. giganteus and C. atavus, but differs from them and from all other

species of the genus in the restriction of the basal rhombs to 1-5. Pectinirhomb 1-6

is not shown in several of Barrande's figures of C. alter, but Dr Jaekel definitely says

"2 basale Rauten." Apart from this character, C. constrictus difi"ers from those three

species in its more invaginate base.

§ 335. The remarkably regular arrangement of the thecal plates and the simple

conjunct structure of the pectinirhombs are most naturally regarded as characters

retained from an ancestral form. But the suppression of many pectinirhombs, notably

in Circlet I., the invagination of the base, and the constriction of the theca in correla-

tion with the expansion of the tegmen are, in my opinion, signs of definite, though not

excessive, modification. It may be suggested that the conjunct nature of the pectini-

rhombs is correlated with their reduction in number ; for it is clear that a few conjunct

rhombs may aff'ord the same functional area as a much larger number of disjunct

rhombs (cf. C. interruptus, §§ 346, 347).

§ 336. Cheirocrinus interruptus.

(PL IV. fig. 48. Text-fig. 59.)

1899. Ghirocrinus interruptus O. Jaekel, " Stammesgesch. d. Pelmat.," pp. 204,217, 220,

pi. 10, f. 9.

§ 337. Diagnosis.—A Cheirocrinus with numerous complete pectinirhombs, each

multidisjunct ; thecal plates with narrow, strongly marked axial and radiating ridges,

which sometimes traverse the pectinirhombs ; also with isolated fine radiate rows of

granules.

§ 338. Syntypes, two, in the St. Petersburg Academy. Theca with a diameter

circa 15 mm.

§ 339. Locality.—The syntypes are said to be from the neighbourhood of St.

Petersburg. The present specimen is from Thraive Glen, Girvan.

§ 340. Horizon.—That of the syntypes is not precisely known ; the occurrence

of the present specimen in the Starfish Bed would naturally have suggested the
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Upper Lyckholm, but the Lyckholm Beds do not extend to within a hundred miles

of St. Petersburg.

§ 341. Material.— Specimen G214, consisting of a fragmentary imprint with the

imperfect internal cast.

S 342. Description.—The accompanying diagram shows the plates so far as their

outlines can be deciphered. I am quite unable to identify the plates with certainty,

but, since there is no trace of the periproct. 1 suppose that they belong to the anterior

region. The plates seem to lie above one another, somewhat as in Glyptocystis, rather

than to alternate, and this may be due to the upward passage of some plates from

Circlet II.

§ 343. The measurements of the internal cast are : height, 32 "3 mm. ; diameters,

19 mm. and 9 mm. The theca cannot well have been less than 35 mm. high, and was

at least 22 mm. wide at the level of Circlet IV. in the crushed fossil.

Circlet IV.

Circlet III.

Text-fig. 59. —Diagrammatic interpretation of the specimen of Cheirocrinus interrupts, G 214.

X 2 diameters. Of. PI. IV. fig. 48.

The best preserved plate in Circlet IV. measures : diameter above, 6 '7 mm.
;

diameter below, ca. 10 mm. ; length of long side, 15 mm. ; length of short side,

ca. 1 1 mm.

§ 344. A fine granular ornament is very distinct on those parts of the plates in

Circlet IV. that are below the subvective grooves. In the lower part of the theca the

ornament is finer, with some tendency to run in lines as in C. constrictus, but coarser

than in that species.

§ 345. Each half of the large pectinirhomb in Circlet IV., in the middle of the

diagram, is traversed by about seven bridges dividing up the transverse folds. The

number of folds is about sixty-five. Their continuity is less interrupted on the interior.

§ 346. The number of pectinirhombs is unusually large, there being one on every

suture. Along the lower margins of the large plate in Circlet III. there appear to be

three rhombs. This, perhaps, need not necessarily imply that the plate rests on three

plates of Circlet II., if we suppose that the rhomb on the right-hand lower margin
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has been divided by a radiating ridge. Or this may be plate 11, and the small

rhomb may indicate its union with a greater upward extension of plate 1 than occurs

in C. penniger.

§ 347. Relations of the Species. — The Girvan specimen agrees so well with

Jaekel's diagnosis of C iyiterruptus, that there is no obvious reason for separating

them. The most important result of this is to fix the age of that species as later than

any other of those described from N.W. Europe. This is satisfactory, since one would

naturally regard the multidisjunct structure of the pectinirhombs as a late modification.

The correlation of this structure with an excessively large number of rhombs is tlie

converse of the case observed in C. constrictus, and may be explained on the same

principle (§ 335). Associated with this it is not surprising to find excessive modifica-

tion in the arrangement of the thecal plates.

Further, it was only to be expected that so highly modified a form should be rare.

At present only three imperfect examples are known. It is the more remarkable that

these three should come from two such widely separate regions.

§ 348. Pleurocystis.

1854. Pleufueystites E. Billings, Canad. Joiirn., vol. 2, p. 251.

1889. Pleuroeystites Bill., S. A. Miller, "N. Amer. Qeol.," p. 272.

1891. Pleurocystis Bill., P. H. Carpenter, Joiirn. Linn. Soc, Zool., vol. 24, p. 12.

1896. Pleurocystis Bill., E. Habckel, " Amph. und Cyst.," Festschr. Gegenbaur, vol. 1, p. 44.

1899. Pleuroeystites Bill., O. Jabkel, " Stammesgesch. d. Pelmat.," p. 231.

1900. Pleurocystis Bill., F. A. Bather, "Treatise on Zoology : Ecliinoderma," p. 64.

§ 349. Diagnosis.—A Oheirocrinid in which the form of the theca is flattened and

approaches bilateral symmetry ; one face almost entirely occupied by the periproct,

filled with small plates, and bounded by plates, 2, 3, 8, 14, 12, 7, and sometimes by

small portions of 6 and 9, plate 13 is crowded out; with not more than three pectini-

rhombs—1-5, 10-14, 11-12—all on the antanal face, and all conjunct ; with only two

subvective grooves, each leading to a stout brachiole, longer than the height of

the theca.

§ 350. Genotype.—As founded by Billings (1854) there were three geno-syntypes,

P. squainosa, P. Jilitexta, and P. rohusta, introduced in that order. Haeckel

(1896, p. 44) gives P. Jilitexta as " Species typica "
; but, so far as I can ascertain, the

genotype was first fixed by S. A. Miller (1889, p. 272) as P. squamosa.

§ 351. Taxonomic History.—The references (§ 348) are confined almost entirely to

those that have some bearing on systematic or nomenclatoral technicalities, and, except

for the formal change of termination, it may be said of Pleurocystis that it is happy in

having no history. The reasons for this are, first, the extreme modification of structure,

which forbids confusion with any other genus ; secondly, the difficulty of distinguish-

ing the various species and varieties, and the consequent absence of temptation to

separate them into subgenera.
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If, however, the genus is in itself homogeneous and unmistakable, its very pecu-

liarities have in the past caused much misconception as to its affinities.

§ 352. E. Billings (1854, pp. 250, 274) could find no better genus than Hemi-

cosmites with which to compare his new fossil.

§ 353. E. J. Chapman (1857, p. 303) placed Pleurocystis between Hemicosmites

and Callocystis.

§ 354. E. Billings (1858, p. 47) considered that, in the arrangement of the antanal

thecal plates, Pleurocystis was " related to that group to which Echino-encririites

belongs ; while the ventral side ... is more like the body of a Sphaeronite."

§ 355. J. Hall (1859, p. 152) placed Pleurocystis between Callocystis and

Malocystis, saying. " There appears to be some analogy between this genus and

Anomalocystites."

§ 356. K. A. VON ZiTTEL (1879, p. 422) correctly placed this and other genera

bearing pectinirhombs in division c of his group Rhombiferi, comparing Pleurocystis

with Echinoencrinus.

§ 357. R. HoERNES (1884, p. 124) placed the genus between Echinoencrinus and

Prunocystis, but, oddly enough, referred all three, not to the Lepadocrinidae, but to

the Caryocrinidae.

§ 358. M. Neumayr (1889, p. 413) seems to have been the first to regard the peculiar

modifications of Pleurocystis as characterising a Family, " welche wir als die Pleuro-

cystiden bezeichnen." With it he associated Trochocystis, Ateleocystis, Bcdanocystis,

and Mitrocystis.

§ 359. P. H. Carpenter (1891, p. 12) was the first to express clearly, if briefly, the

close relations of the genus to Cheirocrinus, though his identification of the individual

plates is not that now accepted. He wrote, " in the Russian Glyptocystis pennigera,

the anal opening is greatly extended at the expense of two basals (7, 8) and three

radials(l2, 13, 14), and was covered, according to Schmidt, by a delicate plated integu-

ment. From such a form as this the transition is easy to Pleurocystis, Billings, in which

basals 7 and 8 and radial 13 seem to be altogether lost in the integument of small

plates covering the anal side. Compare, for example, figs, la and \c on plate i., or

figs, la and \h on plate ii. of Billings's memoir, with figs. 7 a. and 7d on Schmidt's tab. i.

On the other hand, the numerous pore-rhombs of Glyptocystis are reduced to three in

Pleurocystis, which are situated respectively on plates 1-5, 13-14, and 11-12, the first

of which is, as we have seen, common to all this group of Cystids."

§ 360. Unfortunately this important and suggestive paper of Carpenter's has been

persistently overlooked by foreign authors, and so we find F, Bernard (1893, p. 206)

including in a "Famille.— Pleurocystides," Trochocystis, Pleurocystis, and Dendrocystis.

§ 361. Even von Zittel was beguiled from his original position, and in his " Grund-

ziige" (1895, p. 150) made the same collocations as Neumayr and Bernard, tacitly

pointing out, however, that they should have adopted the existing name " Anomalo-

cystidae, Woodw." This remained unaltered in Eastman's translation (1896, 1900).
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§ 362. Miller & Gurley (April 1895, p. 60) seem to have been the first to use

the family name " Pleurocystidae," and this, they say, they do "provisionally, without

defining it, because this genus cannot belong to the Lepadocrinidae, where it has been

placed heretofore."

§ 363. E. Haeckel (July 1896, p. 398) mentioned " Pleurocystida " as an alterna-

tive to " Anomocystida "
; but, later in the same year (" Amph. und Cyst.," p. 37), he

made the Pleurocystida, comprising Mitrocystis and Pleurocyatis, a Subfamily of the

Family Anomocystida [sic].

§ 364. 0. Jaekel (1899, p. 230), while recognising the relations of the genus to

Cheirocrinus, regarded it as entering on a new path of evolution, and therefore as

needing an independent Family,

§ 365. K. A. V. Zittel, in the second edition of his " Grundzlige " (1903, p. 175),

adopted the Family "Pleurocystidae. Miller u. Gurley (emend. Jaekel)"; and this

has been followed in the third edition by F, Broili (1910, p. 187).

§ 366. Description of the Genus.—The general structure of Pleurocystis is so well

known, thanks to the descriptions and figures by E. Billings, 0. Jaekel, and others,

that it is only necessary to discuss here a few of the more doubtful or ditiicult points.

The plates of the Theca are so greatly modified that it is not easy to trace their

homologies. The first person to do this seems to have been P. H. Carpenter (1891,

p. 12) in the passage quoted above (§ 359). There is probably a slip in his statement

that a pectinirhomb is borne on plates 13-14, since a few lines before he regards plate

13 as lost among the periproctals ; the rhomb in question is 10-14. To the fate of

plate 13 we shall recur. Plates 7 and 8, however, are undoubtedly present, and can

only have escaped the notice of Carpenter if he based his remarks on Billings' figures

rather than on actual specimens. With these exceptions, I gather that Carpenter's

numbering of the plates would have agreed with that adopted by me (1900, p. 65), at

all events for the numbers up to 1 6.

§367. The numbering of the plates on Prof. Jaekel's diagram (1899, pp. 195,

232; see our text-fig. 60) extends only to the equivalent of plate 14, and thus far

agrees with my numbering (1900). There is, however, a difi'erence in regard to plates

2 and 3, and the fact is that we were both wrong. He was more correct in showing

the relations of 3 and 4, and I was more correct in respect to 1 and 2. In our repre-

sentation of plates 15, 16, 17, 18, 20, and 23, we also agreed, but as regards the equi-

valents of plates 19, 21, 22, and 24, there were slight differences in our diagrams. It

is quite possible that these depended on individual differences in the specimens examined

by us. Both our diagrams were based on P. jiUtexta.

§ 368. I have taken Prof. Jaekel's diagram as expressing his real views. Un-

fortunately it does not agree with the numbering on his plate-figures. Thus, in pi.

12, ff". 3, 4, 5, representing P. jiUtexta, and fi". 6, 6a, representing P. anglica, "6 1
"

is rightly placed beside plate 2, although in the diagram that plate forms part of

plate 1 [ = 6 2]. In pi. 12, "64" rightly denotes plate 3, which in the diagram is
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marked 6l [-2j. In pi. 12, "H" [=6] is attached to plate 7; "Z2" [ = 5] to

plate 6 ;
"1 5" [ = 7] to plate 8; "/4"

[ = 8] to plate 9; the other plates are not

specially numbered. Therefore, though pi. 12 is more correct as regards the basals

2 and 3, it is quite astray as regards plates 6, 7, 8, 9. It is the more necessary to

note this, since the erroneous numbering has already found its way into the text-books

(Broili's "Zittel," 1910, p. 187).

§ 369. I am much indebted to Dr Edwin Kirk for having recently (1911, p. 21)

called attention to the fact that "the analysis of the theca and the figures of Pleuro-

cystis as given by Jaekel and Bather are inaccurate in several important features."

His first criticism, concerning plates 1 to 4, has already been dealt with in part (§ 367).

He says " plates 1 and 4 as given by them should be split vertically and portions united

pc£]2o

|Q.^ .S% %.
1 90 ©fe^^gj

^^/^-:^J^
Fig. 61.

Text-fig. 60.—Amdjsis of PlcurocystisJilitextM, after Jaekel. This diagram is based on Jakkel's diagram (1899), but is

modified therefrom by the spacing out of the plates, by the transposition of all the plates here shown on the left of the

periproct from the right-hand side of his diagram, and by the numbering of the plates according to the system followed

in this memoir (cf. text-figs. 36 and 37). In this diagram, as in the following one, the plates are spaced so that

those which in the fossil lie on the same meridians here also come in vertical series. It is not possible to protract in a

single plane those plates which are sharply bent round the margin of the theca {e.g. 12 and 14), and in the case of certain

basals this difficulty has in part been overcome by splitting them along the marginal meridian.

Text-fig. 61.—Analysis of Plcurocystis filitexta, original. This is intended to supersede the analysis in the "Treatise on

Zoology" {1900, fig. xxxiv. 1), which was incorrect in some points. The brachioles spring, on the right hand from

plate 20, on the left hand from the curve above plates 22 and 17.

with 2 and 3." Except for the rather inexact use of the word " vertical," I accept this

correction so far as my own diagram is concerned. Since I have not seen the original

of Dr Jaekel's pi. 12, f. 3, I express no opinion as to its correctness ; his f. 6 is not

so open to Dr Kirk's criticism, and agrees fairly well with the specimen in these points

(see § 469). Neither would I venture to criticise Dr Kirk's drawing of a specimen of

P. filitexta at the University of Chicago (his pi. 3, f. 3) ; I will only say that in

specimens of that species in the British Museum (E7535, E7683, E15923, E 15924),

as also of P. squamosa (E 15925), and indeed of all the Canadian species, the lower

margin of plate 6 is about equally shared by plates 1 and 2, so that plate 1 is five-sided

and the suture 1|2 is not continuous with the suture 5|6. The same point is fairly
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clear in most of E. Billings' figures. Therefore Dr Kirk's specimen was perhaps not

quite characteristic of the species.

§ 370. In the " Treatise on Zoology "
(p. 65, fig. xxxiv. 1 and 3 ; cf. our text-figs. 61,

62), plate 13 was drawn as forming part of the periproctal frame of P. Jilitexta,

although greatly diminished in relative size. No such plate was shown in E. Billings'

pi. 2, f, 16, or in his figures of P. squamosa (pi. 1, f. Id, le). Billings, however,

represented the plate numbered 23 b}' me as horizontally bisected. In both these

points my figures followed those of Dr Jaekel (1899, pi. 12, fi". 4 and 5, and diagr.

45, p. 232), whose observations I had checked by specimens in the British Museum.

Dr Kirk agrees with us in the representation of plate 23 as a single

plate, but says that "Plate 13 is not present in the cup, the

apophyses of plates 12 and 14 uniting without the intervention of

another plate." He does not figure another specimen to prove this

point, but, in his pi. 2, f. 4, copies Jaekel's f. 5, simply omitting

the suture between plates 13 and 14, so that 13 becomes a part of 14

(cf. our text-fig. 62).

Text-fig. 62. — Anal I have rc-examincd all the material in the British Museum.

jilitexta. This is made There Can bc uo questiou as to the individuality of plate 23, although

from the same drawing ^]^g curious re-cntraut angle at the transverse pore and the occasional
as was used for fig.

_ _

xxxiv. 3, in the prolongation of the pore-slit may sometimes produce the appearance
"Treatise on Zoology,"

^£ ^^^^ suture as showu by BiLLiNGS. As regards the absence
with the necessary •' "
correction as regards of plate 13, it is more difficult to comc to a decision. Dr Jaekel
plate 13, and with the .,. -\ c ji_i • Ij^t^tt-
numbering of the other givcs figurcs and reierencBS to actual specimens, but JJr Kirk
plates as now adopted,

f^f^cluces uo evidence. Of the specimens in the British Museum,

five seem to lend some support to Dr Jaekel (E 16036, P. squamosa, and E 16040-

E 16043, P. Jilitexta), and one (El 6038, P. sp.?) supports Dr Kirk. The appearances

in the former specimens, however, are rather varied, and may be explained as due to

fracture. Clearly there is a region of weakness where the long plates 12 and 14 send

processes to bridge over the oral end of the periproct, and one or other, sometimes

both, of these processes are often broken in the fossils. The structure regarded by

Dr Jaekel and myself as plate 13 (^'5) is the broken process of plate 14, and it

is interesting to note that some such fracture is suggested by a deep shadow in

E. Billings' pi. 2, f. l6.

§ 371. What, then, has happened to plate 13? The tendency to fracture in plate

1 4 might arise from the fact that plate 13 had recently fused with it. P. H. Carpenter

(1891, p. 12) thought that plate 13 had been lost among the periproctals. Dr Kirk

regards it as " crowded out."

Some light may be thrown on this by considering the general trend of evolution in

Pleurocystis. There are two main developments : an enlargement of the periproct,

and, opposed to this, a constriction of the tegmen. The former development attains

its maximum in the British species, which in some other respects appear more specialised
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than the Canadian. Here the periproct has passed up between plates 12 and 14, which

meet either not at all or possibly, in rare cases, only by their extreme points. As a

rule they are widely separated, and 12 abuts on plates 17 and 23 ; 14 on plates 19 and 18.

This is the natural result of the widening of the periproct below them, and the down-

ward pressure on plates 18 and 23 by the narrowing of the tegmen. An earlier stage

of the latter development is seen in E. Billings' figure of P. squamosa (1858, pi. 1,

f, le), where a tongue from plate 18 almost reaches the periproct. A later stage is not

found, nor is it to be expected, for in the British species the limits of strength had been

reached, so that in the fossils it is rare for the assemblage of plates covering the oeso-

phagus on the anal face (viz. 23, 18, 24) to be preserved in position.

§ 372. Plate 13, then, lay between two opposed forces, and its disappearance is not

to be wondered at. But as to the manner of its going, there is still a difficulty. If it

were pressed downward, its place would have been filled by plate 18 ; therefore, if on

no other ground, I do not incline to Carpenter's suggestion. If, on the other hand,

plate 13 was absorbed to make more room for the periproct, it is not clear why plates

12 and 14 should ever have met; and this seems opposed to Dr Kirk's explanation.

The remaining view, that plates 13 and 14 have fused, does not present any difficulties

of that nature ; and if we inquire why they should have fused, we find an obvious reason

in the need for greater rigidity in the periproctal frame, especially in this region near

so many vital organs. Dr Kirk, however, writes as though he had more primitive

fossils proving his view.

§ 373. The homologies of the Deltoids (20-24) are, owing to the constriction and

the bilateral modification of the tegmen, by no means clear. Plate 23 is fixed for us

by its pore ; and there is no difficulty in recognising the adjacent plate 24. On the

antanal face, the plate resting between 15 and 16 is presumably 21. If the plate to

the right of this is 22, and the plate to the left of it 20, then we observe that, whereas

20 curves round the edge of the flattened theca so as to abut on 24, and so as to form

a complete facet for the brachiole, plate 22, on the other hand, is confined to the

antanal face, so that the brachiole rests on 21, 17, and 23. Sometimes, however, plate

22 seems to bend round the theca on to the anal face, or it may be that a proximal

brachiolar is enlarged.

§ 374. The deltoids, of course, are interradial elements, and it is still not quite clear

to which rays the Brachioles belong. The position of plate 22 implies that one of

them springs from the groove primitively between 22 and 23, i.e. the left posterior.

The other brachiole may be either that between 20 and 2 1 (anterior), or that between

20 and 24 (right anterior). In Erinocystis, according to Jaekel (1899, p. 250), the

brachioles are probably I. and IV., i.e. left posterior and right anterior; but the con-

ditions in that genus are so different that no homology can be postulated. There are

at present no anatomical grounds on which to base a decision ; but one might be

inferred from the relations of the theca to the sea-floor. If the anal side was downwards,

as Dr Kirk (1911, top of p. 20) seems to suppose, then the brachiole retained would
TRANS. ROY. SOC. EDIN., VOL. XLIX. PART II (NO. 6). 60
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naturally be that towards the antanal face, viz. the anterior ; but if the antanal face

was downwards, as seems quite possible (§ 608), then the brachiole would be that

towards the anal face, viz. the right anterior. This latter was the homology adopted

by me in 1900 (p. 64).

The structure of the Brachioles has been described and figured by Dr Jaekel

(1899, p. 232) and myself (1900, p. 65, f. 34).

§ 375. The three Pectinirhombs have been described by Dr Jaekel (1899, p. 232).

He alludes to their conjunct structure as primitive, in contrast to their reduced number,

which is specialised : the two features are probably correlated (see § 335). In a few

cases, however, the folds in one half of a rhomb may be closed over (§§ 494, 509, 528,

543 ; text-figs. 67, 71-75). Dr Jaekel also points out that the two adoral rhombs

only unite plates of Circlet III. This contrasts with the Echinoencrinidae and

Callocystidae, in which the rhombs only unite Circlet III. with Circlet IV. The

Pleurocystine rhombs 11-12 and 10-14 both occur in Glyptocystis, and 10-14 is

probably present in all species of Cheirocrinus ; 11-12, however, appears to be rare in

Cheirocrinus, and the species from which it is absent cannot be in the ancestral line of

Pleurocystis.

§ 376. The position of the pectinirhombs in relation to the shape of the theca is

also noteworthy. Though confined to the antanal face, they seem to get as near as may

be to the margins, leaving a clear space in the middle. They are generally surrounded

by a thickened border, and an angle of this coincides with the umbo on plates 10 and

11, but is a little below the umbo on plate 5. These three umbones project, so that the

clear space between them is depressed, and so that the theca, if placed with its antanal

face on a smooth surface, rests on these three points, perhaps with occasional support

from the umbones of plates 9 and 6. It is from these five umbones that the strengthen-

ing axial folds spread over the antanal face (§ 402), and these facts are not without

bearing on the position of the theca with reference to the sea-floor (§ 608).

§ 377. Though the number of the pectinirhombs is normally three, still in

P. Rugeri and P. procera there is no trace of rhomb 1-5, and in P. anglica it is

greatly reduced.

§ 378. The pectinirhombs vary in shape, and appear to furnish good specific char-

acters. They may be elongate either along the suture, as in P. filitexta (text-fig. 68),

or across the suture, as in P. Rugeri (text-fig. 69), with all intermediate propor-

tions. This naturally involves a diff"erence in the number of folds. Dr Jaekel gives

the approximate number of folds as from 7 to 12 in rhomb 1-5
; from 14 to 24 in

rhomb 11-12; from 21 to 36 in rhomb 10-14. These numbers are probably based

on the Canadian species ; if the British species be considered, there is far wider

variation. Thus in P. anglica there are at most 12 folds in rhomb 10-14 (text-

fig. 70), in P. Ruge7'i not more than 9 in that rhomb (text-fig. 69), but about 11 in

rhomb 11-12. On the other hand, in P. gihha there may be no less than 20 folds

in rhomb 1-5, and 50 in rhomb 10-14 (text-fig. 71). The ratio in that species is
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sometimes precisely 3 : 2 : 1, as given by Dr Jaekel for the genus as a rule ; but this

rule does not hold, since in P. quadrata, for example, there appear to be more folds

in rhomb 1-5 than in rhomb 11-12.

§ 379. The Primary Pores have been described and figured by Dr Jaekel (1899,

pp. 101, 138j. One appears as a slit crossing the suture 18|23 at right angles : this

is regarded by Jaekel as the pore of the primary stone-canal (hydropore). The other

appears, normally, as a very indefinite hole lower down on the same suture : Dr Jaekel,

who regards it as the pore of the parietal canal, probably a gonopore in function,

describes it as round and closed by three small plates, but on p. 138 states that these

plates are more irregular than shown in his figure. The available material does not

enable me to confirm these latter statements.

§ 380. The enlarged Periproct, of which the limits have already been discussed

(§ 371), is filled with small polygonal, usually hexagonal, tessellate plates. These vary

in size according to the species. Those of P. Jilitexta are the largest, having a

diameter of ca. 27 mm. and numbering from 50 {fide Jaekel) to 70 [fide Billings).

In P. squamosa the usual diameter is ca. 1 mm., and the number about 500. The

other American species probably fall within these extremes. In the British species

the diameter ranges from 1*4 mm. or less, in P. quadrata, down to "4 mm. and less, in

P. foriolus, and the number is far greater than in the American species, partly in

consequence of the smaller size of the plates, partly because the periproct is more

extended. Dr Jaekel estimates the number of periproctals in P. anglica as 1500,

and in P. Rugeri, judging from the published figures, as from 300 to 400. My
estimate for P. Rugeri, based on the actual holotype, is about 1200 ; and in this

respect I find no great difference between P. Rugeri and P. anglica.

§ 381. In estimating, it has to be remembered that, probably in many species,

the periproctals near the margin are smaller than those near the centre. Thus in

P. anglica some of the central plates attain a diameter of 1 mm., but those near the

frame run 4, or even as many as 9, to the square millimetre (PI. V. fig. 62). They

also often become smaller near the vent, and are frequently arranged in lines leading

towards that point (PI. VI. figs. 71, 74, 76).

§ 382. The Vent is surrounded by elongate plates, triangular or rhomboidal,

meeting by their apices, as figured by Jaekel (1899, p. 131) for P. squamosa, and as

seen in a British Museum example of that species (B 16036). Of these circum-anal

plates, those on the lower side near the frame are smaller than those above. The same

arrangement is seen in P. quadrata (PI. VI. fig. 71).

§ 383. If the theca be placed with its anal face upwards, and with the oral pole

away from the observer, then the vent lies at the lower right-hand corner, with the

circum-anal plates abutting on the frame-plates 3 and 8, but chiefly pressing down on

the former. Dr Jaekel (1899, p. 233), referring to the Canadian species and to

P. anglica, says that the extension of the periproct has been carried to the utmost

limits of possibility. We have, however, already seen that the upward extension is
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even greater in the British forms hereinafter described ; in some of them, too, the down-

ward extension is also greater, and is brought about by the bending of plate 3 far below

the stem-attachment, so as to form a sort of rectal gutter. This is well developed in

P. quadrata and especially P. fo7'iolus (PI. VI. figs. 72, 76), and is also visible to a

less extent in some specimens of P. Rugeri, though not figured hitherto. There is no

obvious reason why the periproct should not be further extended in this manner, did

any necessity arise. Indeed, the power of skeletal modification, by deposition and

absorption of stereom, is so extraordinary in Echinoderms, that it is never safe to say

of any of them that it has reached the bounds of possibility. This is pre-eminently

one of those matters " dont la preuve consiste en exp6riences, et non en demonstrations."

§ 384. Dr Jaekel (1899, pp. 131, 133, 188, 233) has pointed out, as a consequence

of the downward movement of the anus, that the rectum must be directed downwards

from left to right, i.e. in a contrasolar direction, while the periproct is extended

upwards in a solar direction. In March 1897 (p. 34) he used this with other evidence

to prove that in Cystidea and Cladocrinoidea the gut had a contrasolar coil ; but in

1899 (pp. 134-137), partly in consequence of my private criticism, he gave up this

extreme view. In Pleurocystis, as in all Glyptocystidea, the periproct occupies the

right posterior interradius, and, morphologically considered, the extension of the

periproct is along this interradius: upwards through plate 13, and downwards into

the compound basal, 3. There is no concrete evidence as to the course of the parietal

septum, but, on the homology of Echinoencrinus as figured by Jaekel (1899, p. 126),

we may suppose that it passed from plate 23, through plates 12 and 6, to basal 2 ; in

other words, down the left edge of the theca. In the archetype of the Glyptocystidea

the gut may have accompanied the mesentery in this direction for a short space, and

then probably coiled as usual in a solar direction, down to the anus on the side of

the theca (cf text-fig. 45). Already in Cheirocrinus the periproctal border has

moved a little lower, possibly drawing the rectum with it, and thus pulling out the

coil ; but the position of the vent itself is still uncertain. In Pleurocystis it may be

that the coil was almost entirely lost, and that an enlarged mid-gut or stomach

occupied the space covered by the periproctal integument, to the right or solar side of

the parietal septum. There is, therefore, no need to suppose any departure from the

fundamental structure of the Echinoderma, and all the peculiarities may be explained

as modifications in accordance with altered habits of life.

§ 385. The Stem consists of a wide proximal and a narrower distal region, not

sharply defined.

Dr Kirk (1911, p. 21, pi. 3, f 3) gives a drawing of the stem of P. Jilitexta, and

says :
" It will be noted that the structure of the column is quite diff"erent from that

given by either Bather or Jaekel." His figure is no doubt correct for the specimen

studied by him, but it is the case that the appearance of the stem, at least in its

proximal region, varies greatly according to its position in the fossil and its state of

preservation. After careful re-examination of a large number of specimens, represent-
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inff nearly every known species, I find nothing to correct in Dr Jaekel's paragraph

on the subject (1899, p. 234).

S 386. The structure of the proximal region is clearly shown in section in a

weathered specimen of P. squamosa (Brit. Mus. E 16045; text-figs. 63, 64). It has

a wide lumen, enclosed by flanged columnals, alternating with plain columns over

which the flanges project. The body of each type of columnal is of about the same

height, but the plain columnals may be, if anything, a little higher ; the body of the

flanged columnals appears to thicken very slightly towards the lumen, while that of

the plain columnals correspondingly thins. In a well-preserved specimen the flanges,

which project both upwards and downwards, often overlap the intermediate columnals

to such an extent as almost to hide them ; and, if the stem be bent, then the flanges

meet on the concave side, so that the plain columnals are visible only on the convexity.

The flanges are nearly always granulate, and in most species the granules fuse into

Fig. 63. Fig. 64.

Text-figs. 63 and 64.—Portions of the stem of Pleurocystis squamosa, with a quadrant

removed to show the section. The diagrams are based on Brit. Mus. E 1604.5,

Fig. 63.— Represents the proximal region.

Fig. 64.—Represents the passage from the proximal to ths distal region.

vertical ridges. Granules may also be borne on the plain columnals in the lower part

of the proximal region, where they are less covered by the flanges.

§ 387. The change from the proximal to the distal region is marked by the decrease

in diameter of the stem as a whole, and the disproportionately greater decrease in the

lumen, which eventually becomes quite narrow. There is also a change in the rela-

tions of the two classes of columnals. This consists, first, in the increased height of

their bodies, and in the lessening of the flanges, which soon cease to overlap and are

reduced from flanges to mere swollen rings. At the same time the granulation on the

intermediate columnals is intensified, and may form either a single ring, scarcely to be

distinguished from the reduced flange, or two rings with a smooth space between. In

respect to this ornament there is considerable specific and individual variation.

§ 388. In the distal region the columnals appear in some cases to be elongate and

approximately equal in size, and the barrel shape of the upper part may be changed

into a more dice-box shape, partly by the development of two annular swellings on the

intermediate columnals as just explained, partly by the migration of the flange-swelling

to the upper end of the columnal and the formation of a subsidiary ring at the other

end. Dr Kirk appears, from his figure, to have observed an alternation in height of

the columnals right down the stem.
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§ 389. Distally the stem is often coiled in the plane of extension (Brit. Mus.

E7683, P. elegans). Whether it tapered ofif or not is unknown ; no specimen has yet

shown any trace of a root.

§ 390. The Species and their Distribution.—The following table gives the names,

with the geological and geographical distribution, of all species hitherto described :

—

Kentucky. Ontario. Anticosti. Tyrone. "Wales. GiRVAN.

a] 2

Si

anficostensis

anglica Rugeri

'procera

quadrata
gibba

foriolus

squamosa
robusta

si filitexta

11 mercerensis elegans

5 £
3 H exornata ^

^"" (and

? Chazyan)

From this it appears that the known distribution is limited in time to the upper

three-quarters of the Ordovician ; and in space from the " Ontario basin," down to the

" Kentucky Strait," and along the " St Lawrence trough," across to the British Isles

(for geographical terms, see Sghuchert, 1910).

§ 391. Here, then, is a highly specialised genus migrating slowly, so far as we

know, from west to east, and becoming still more modified as it travels. It is not

surprising that it should have given rise to a number of slightly different forms, and

that it should be difficult for us to arrange these in clearly defined species. This

difiiculty was recognised by E. Billings (1858, p. 48), and has been felt by subsequent

writers for the Ontario species : it is no less as regards those from Britain.

§ 392. Hitherto only two species have been described from this side of the Atlantic :

P. Rugeri Salter (1866), from South Wales, and P. anglica Jaekel (1899), which

now proves to have come from Ireland. The occurrence of two undetermined species

in the Drummuck Group at Thraive was noted by Mrs Gray in Peach & Horne

(1899, p. 687). Her collection now contains some sixteen specimens, which I refer to

four new species.

§ 393. This makes six the total for Britain, just as it is for America. These numbers,

considering the limited distribution, are large, and it may be that further material

may enable us to merge some species with safety. For the present I see no middle

course between, on the one hand referring all the American forms to two species and

all the British to one (or possibly to two) other species, and on the other hand

splitting them as I have done.

Further discussion of the species, especially of the relations between the British
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and American forms, is reserved until the old species have been re-diagnosed and the

new ones described (§§ 551-558).

§ 394. Diagnostic Characters of the Species.

Outline. When the base is about at right angles to the stem, the sides up

to about the middle of Circlet III. approximately parallel, and the shoulders sloping

rapidly towards the oral pole, then the outline is subquadrate. When the base

is widened, and the sides as well as the shoulders have an orad slope, then the outline

is subtriangular. When this latter is modified by the base sloping upwards from the

stem to the um bones of the marginal plates in Circlet II., then it becomes trapezoid.

When the base and sides curve round gently to meet one another, this changes to ovate

or subovate ; but an ovate outline is usually combined with a lobation of the theca

below the stem-attachment. Lobation, being primarily a consequence of the downward

extension of the rectum and vent, is more marked in plate 3, and is defined by stating

the level on the stem which it attains ; but there may be a minor secondary lobation

on the opposite side of the stem, as an attempt to restore symmetry and balance.

§ 395. Shoulder-angle. The shoulders of the theca are formed as a rule by

plates 12 and 14. and the slope of their outer margins towards the oral pole often is

almost parallel to or even coincides with the sutures 11|12 and 10|14; the angle at

which these slopes, if continued, would meet varies from 40° to 115°, and seems to

be characteristic. It bears no constant relation to the thecal ratio, though such a

relation may be observed in individuals of the same or closely allied species.

§ 396. Thecal Ratio, width : height. Width means the widest part of the theca

in the extension-plane. Height is measured from the stem-facet to the oral pole, and

does not include the lobes. Thus a theca, regarded as relatively short according to this

measurement, might appear relatively elongate by reason of its lobes. Height is taken

as unity ; width expressed as a decimal fraction thereof.

§ 397. Ratio, plate 5. Expressed in the same way. This ratio is of importance

because it is often impossible to obtain both measurements in a fossil theca, whereas

in almost every specimen the complete outline of plate 5 can be traced. Moreover,

without this ratio being clearly a definite function of the other, there is, as one would

expect, a close correspondence between the two. This is manifest when the ratios are

plotted as graphic curves. Of course, if each of the five plates of Circlet II. took an

equal share, the rate of thecal increase would be five times that of a single plate ; but

owing to the relative positions of the plates and the participation of 8, 9, 6, and 7 in

the thecal frame, the chief burden is thrown upon plate 5. Therefore, though the

thecal width tends to increase more rapidly than that of plate 5, the latter still serves

as an index to the general proportions of the theca.

§ 398. Pectinirhombs : number. Though three must be regarded as normal for

the genus, rhomb 1-5 appears occasionally to be absent ; and when this absence is

correlated with other features, it can scarcely be passed over as an individual

abnormality. See P. Rugeri and P. procera (§§ 453, 493).
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§ 399. Shape (text-figs. 65-75). Any or all of the three pectinirhombs may be:

flush, or surrounded by a border varying in intensity ; elongate along the suture, or

widened across it, to varying extents, and in each case occupying either the whole

suture or a varying part of it ; long-elliptical, elliptical, broadly elliptical, lanceolate,

lozenge-shaped, subrhomboidal, kite-shaped, subtriangular, square, or irregularly

trapezoid. To attain precision, the actual ratio of length along the suture to

width across it is given where possible, and especially for rhomb 10-14, which is

the most generally visible. These shapes, positions, and proportions of the rhombs

appear to be valuable diagnostic characters. E. Billings has also noted the surface

of the pore-field, whether concave, flat, or convex ; but this is less easy to determine.

The number of folds or slits of course varies with the length of the rhomb, but

also varies with the coarseness of the folds, and may be regarded as approximately

characteristic. Part of a pore-field may be covered in, but this covering starts from

the border.

§ 400. Periproctals, diameter. Variation in this separates groups of species,

but several species may have periproctals of almost the same size, and care must be

taken to compare periproctals having the same situation. The number of periproctals

naturally depends on their size as well as on the extent of the periproct.

§ 401. Periproct The extension of this and the number of plates that compose

its frame are important morphological characters separating groups of species.

The chief point is the union of plates 12 and 14, or the passage of the periproct

between them.

§ 402. Ornament. This shows so much individual variation as to be of little

value. On the antanal face it consists of: («) rhomb-ridges or folds at right angles

to the sutures, and of these the ridges approxiniately bisecting the sutures and

connecting the umbones are axial or main ridges, those parallel to them being

subsidiary, and being as a rule less strongly marked
;

(b) radiate ridges passing from

the umbo to the angles of a plate ; it is not probable that subsidiary radiate ridges

exist, though they are said to occur in P. mercerensis
;

(c) concentric ridges parallel

to the sutures. On the stem the ornament is also (a) axial, i.e. vertical or fasciate, or

(c) concentric, i.e. transverse. The ridges may be broken up into granules, fine or

coarse, regularly or irregularly disposed. The variation consists mainly in the pre-

dominance of a or c, and in the greater or less granulation. There is also variation

in intensity, and this probably is of less specific value.

Essentially this ornament is an expression of growth-structure and mechanical

forces. The latter are responsible for the rhomb-ridges or " Spannleisten," as Jaekel

calls them, which serve to stiff'en the thin plates. The concentric ridges represent

lines of growth. The granulation seems to arise by the crossing or interference of the

two systems.



CARADOCIAN CYSTIDEA FROM GIRVAN. 463

Fig, 65.

—

P. squamosa.

Brit. Mus. E 15925.

Fig. 66. - P. robvsla.

E. Billings' figure

and description.

Fig. 67.— p. elegans.

Brit. Mus. E 7683.

Fig. 68. —P. filitexta.

Brit. Mus. E 16041.

Fig. 69.—p. Rugeri.

Holotype.

Fig. 70.

—

P. anglica.

Holotype, restored.

Fig. 71.—p. gihha.

G172.

Fig. Ib.—P.foriolus.

G135.

YiG. li,—P. procera. Fig. 73.

—

P. quadrata. i^'iG. 74.

—

P. foriolus.

Holotype. G 142. Holotype.

Tkxt-figs. 65-75.—Pectinirhomb 10-14 in various species of PUuroeystis. These lia%'e all, except fig. 66, been drawn with the

aid of the camera, to the same scale, approximately x 5 diameters. Plate 14 is on the left, plate 10 on the right. A few

species are not represented in these figures because their pectinirhombs are not yet known well enough.
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§ 403. Pleurocystis squamosa.

(Text-figs. 63-65.)

1854. Pleurocystites squamosus E. Billings, Canad. Journ., vol, 2, p. 251, fF. 9-12.

1857. Pleurocysiites squamosus 'B\\\., E. Billings, Geol. Surv. Canada, Rep. Progr., 1856, p. 286.

1858. Pleurocystites squamosus Bill., E. Billings, Canad. Org. Rem., dec. 3, p. 49, pi. 1, ff. la-d.

1896. Pleurocystis squamosa Bill., E. Haeckel, "Amph. und Cyst.," Festschr. Gegenbaur,

vol. 1, pp. 37, 44.

1899. Pleurocystites squamosus Bill., O. Jaekbl, " Stammesgesch. d. Pelmat.," p. 234 (pars).

§ 404. Diagnosis.—A Pleurocystis with thecal sides nearly parallel up to the level

of rhombs 11-12, 10-14, giving a subquadrate outline; shoulder-angle ca. 75°; ratio,,

width : height, of theca, '8
; of plate 5, '9

;
plate 3 descends to below third flange.

Pectinirhombs all present, flat or slightly concave, with raised border ; all widened

;

10-14 and 11-12 lozenge-shaped, 1-5 elliptical; in 10-14 sutural axis : transverse

axis :: 2:3, in 11-12 :: 3 :4; folds in all uncovered. Plates 12 and 14 just meet

below 18. Periproctals average 1 mm. in diameter, range from 1"25 mm. near centre

to '5 mm. at margins. Ornament of antanal face obscure, rhombic, and concentric.

Column als vertically ridged on flanges and swellings.

§ 405. Locality.—Ottawa, E. Billings. Recorded from Pakenham, Ont., H. M. Ami

(Jan, 1905, p. 84 J) ; and near Kirkfield, Ont, F. Springer (1911, p. 45). Also at

Hull, P.Q., colln. W. R. Billings and Brit. Mus. B16036 ; and at Belleville, Ont.,

Brit. Mus. E15923, E15925 (text-fig. 65), E16045 (text-figs. 63, 64), E16048,

E 16049, all colld. W. R. Smith.

§406. Horizon.—"Trenton Limestone near the middle of the formation,"

E. Billings ; and in the lower part, Springer. The precise meaning of this may be

gleaned from Raymond (1912, p. 354). Mr Raymond divides the Trenton Limestone

of the Ottawa valley into six horizons, each containing a bed of limestone. The

lower beds 1 to 4, with a combined thickness of 165 feet, are distinguished as the

Kirkfield Limestone series. Of these Horizon 2, a thick- and thin-bedded blue lime-

stone, with chert in flat plates parallel to the bedding, occurs at Kirkfield lift-lock and

at the Hull quarries ; it contains Pleurocystis and other Pelmatozoa. Horizon 5, next

above the Kirkfield series, is a thin-bedded light grey limestone, with thin shale

partings ; it contains Pleurocystis and Pelmatozoa similar to those of Horizon 2. Since

the combined thickness of Horizons 5 and 6 is 150 feet, and since the lowest Horizon

of the Kirkfield series is poorly exposed near Ottawa, it may be inferred that E. Billings

alluded to Horizon 5.

§ 407. Type-material.—In the original description only two specimens were

definitely mentioned, and both were figured. These, then, are syntypes. I hereby

select as holotype the original of Billings' figure 9.

The ratios have been based on Billings' description and his pi. 1, £ la (1858); his

account has been checked by the British Museum specimens mentioned above (§ 405).

Comparison with other Species.—See §§ 551-553.
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§ 408. Pleurocystis squamosa var. rohusta.

(Text-fig. 66.)

1854. Pleurocystites robustus E. Billings, Canad. Journ., vol. 2, p. 252, f. 15.

1857. Pleurocystites robustus Bill., E. Billings, Geol. Surv. Canada, Rep. Progr., 1856, p. 287.

1858. Pleurocystites robustus Bill., E. Billings, Canad. Org. Rem., dec. 3, p. 49, pi. .1, f. 2a.

1899. Pleurocystites squamosus Bill., O. Jaekel, " Stammesgesch. d. Pelmat.," p. 234 (as syn.).

§ 409. Diagnosis.—A P. squamosa larger than the norm of the species.

Pectinirhombs concave, with border strongly raised and more rounded than in norm
;

in 10-14 sutural axis : transverse axis : : 6 : 7 (as compared with 6 : 9 in norm). Orna-

ment of antanal face, obscure radiate ridges, and fine rhombic striae.

§ 410. Locality.—Ottawa, E. Billings. ? Hull, P.Q., colld. W. R. Billings,

Brit. Mus. E 16039. ?? Kirkfield, Ont, colld. W. A. Parks, Brit. Mus., E 15899.

§ 411. Horizon.—Trenton Limestone.

§ 412. Tjrpe-material.—The single fragment figured by Billings (1854) is the

holotype. "The few fragments" mentioned by him in 1858 were collected later.

§413. Remarks.—A British Museum fragment from Kirkfield, Ont. (E 15899),

which I am inclined, by reason of its large size, to refer to this variety, shows no

pectinirhomb 1-5
; but there is some damage to the surface in that region, and there

may have been a small one.

E.Billings was himself uncertain as to the distinctness of this form from P. squamosa,

h was definitely and without discussion made a synonym of that species by Jaekel.

The difi"erences may be those of old age, but, pending the discovery of further material,

it seems well to retain the name as that of a variety.

§ 414. Pleurocystis filitexta.

(Text-figs. 61, 62, 68.)

1854. Pleurocystites fiUtextus E. Billings, Canad. Jouru., vol. 2, p. 252, ff. 13, 14.

1857. Pleurocystites filitextus Bill., E. Billings, Geol. Surv. Canada, Rep. Progr., 1856, p. 286.

1858. Pleurocystites filitextus Bill., E. Billings, Canad. Org. Rem., dec. 3, p. 50, pi. 2, ff. la, b.

1858. Pleurocystites elegans Bill., E. Billings, Canad. Org. Rem., dec. 3, p. 51, pi. 2, f. 2d

(caet. excl.).

1881. Pleurocystites filitextus Bill., W. R. Billings, Trans. Ottawa Field-Nat. Club, vol. 1,

No. 2, p. 34.

1896. Pleurocystis filitexta Bill., E. Haeckel, "Amph. und Cyst.," Festschr. Gegenbaur, vol. 1,

p. 44, pi. 2, ff. 15, 16.

1899. Pleurocystites filitextus Bill, 0. Jaekel, "Stammesgesch. d. Pelmat.," p. 232, f. 45;

p. 234, pi. 12, ff. 3-5 (pars).

1900. Pleurocystis filitextus [sic] Bill., F. A. Bather, "Treatise on Zoology: Echinoderma,"

p. 65, f. 34.

1911. Pleurocystisfilitextus Bill., E. Kirk, Proc. U.S. National Mus., vol. 41, pi. 2, f. 4, pi. 3, f. 3.

§ 415. Diagnosis.—A Pleurocystis with thecal sides curved ; shoulder-angle 45°-50°
;

ratio, width : height, of theca, circa 7 ; of plate 5, circa '85
;
plate 3 level with stem-

attachment, or scarcely passing below proximal flange. Pectinirhombs all present, flat
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or slightly concave, with slight border, all elongate, of lanceolate or subrhomboidal outline;

in 10-14, sutural axis : transverse axis : : 2 : 1 ; folds in all uncovered. Plates 12 and 14

meet below plate 18 in a well-defined suture. Periproctals average 27 mm. in diameter,

and show no lessening in size near the margin. Ornament of antanal face variable

:

radiate ridges, and minor but well-marked rhombic ridges, sometimes crossed by con-

centric ridges, and in places irregularly granular. Columnals vertically ridged on

flanges and swellings, but less than in P. squamosa.

§ 416. Locality.—Ottawa, E. Billings, Brit. Mus. E7600 ; Hull, P.Q., colld.

W. R. Billings, Brit. Mus. (E16040-E 16044), colld. W. R. Smith (E16046, E16047).

§ 417. Horizon.—Trenton Limestone, probably Horizons 5 and 2 (see § 406).

§ 418. Type-material.—The original of E. Billings' fig. 13 (1854) is the holotype.

§ 419. Remarks.—It is believed ihsit P. filitexta., P. elegans, and P. exornata differ

from the other Ontario species in, at any rate, the greater size of their periproctals.

Whether they differ intei- se is a question on which previous authors are not agreed.

Thus E. J. Chapman (Jan. 1859, p. 45) thinks that P. elegans "may prove . . . mere

variety of P. JiUtextus." E. Billings was himself doubtful whether his pi. 2, f. 2d

(1858), a crushed specimen, belonged to P. elegans or P. Jilitexta ; but W. R Billings

(1881, p. 34), while maintaining the distinctness of the two species, referred the

specimen in question to P. Jilitexta. Jaekel (1889, p. 234), without discussion, makes

the two species synonymous.

P. exornata is regarded by Dr Jaekel {loc. cit.) as a variety of P. Jilitexta ; but if

it was rightly supposed to come from a lower horizon, its retention of specific rank

is convenient (§ 426).

Comparison with other Species.—See further §§ 551-553.

§ 420. Pleurocystis elegans.

(Text-fig. 67.)

1857. Pleurocystites elegans E. Billings, Geol. Surv. Canada, Rep. Progr., 1856, p. 287.

1858. Pleurocystites elegans Bill., E. Billings, Canad. Org. Rem., dec. 3, p. 51, pi. 2,

ff. 2a-c (non d).

1859. Pleurocystites elegans Bill. ?var. of fiUtextus Bill., E. J. Chapman, Canad. Journ.,

n. ser., vol. 4, p. 45.

1881. Pleurocystites elegans Bill., W. R. Billings, Trans. Ottawa Field-Nat. Club., vol. 1,

No. 2, p. 34.

1899. Pleurocystites fiUtextus Bill, (pars), 0. Jaekel, " Stammesgesch. d. Pelmat.," p. 234.

§ 421. Diagnosis.—A Pleurocystis with sides of theca straight and almost parallel,

the left side continuous with the shoulder ; shoulder-angle ca. 60° ; ratio, width : height,

of theca, circa "83
; of plate 5, circa "9

;
plate 3 descends to about second flange.

Pectinirhombs all present, with well-marked border, all regularly rhomboidal or almost

lozenge-shaped; 10-14 and 11-12 elongate, 1-5 widened, all much shorter in relation

to suture than in P. Jilitexta [ratios uncertain] ; folds in all uncovered. Anal face

undescribed
;
periproctals presumed large as in P. Jilitexta [but W. R. Billings (1881)
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says their size affords " excellent specific means of distinction "]. Ornament of antanal

face radiate and rhombic ridges, stronger than in P. JiliteMa.

1 402. Locality.— Ottawa, E. Billings; Hull, P.Q., Brit. Mus., colld. W. R.

Billings (E16037), colld. J. Stewart {E7535) ; Belleville, Ont., colld. W. R. Smith

(E15924). Brit. Mus. E7683 (text-fig. Q>7) was presented by Lady Dufferin, and its

locality is unknown.

5 423. Horizon.—Trenton Limestone, probably Horizons 5 and 2 (see § 406).

S 424. Type-material.—The specimen definitely mentioned by E. Billings (1857)

as in the Museum of the Geological Survey, Ottawa, is the holotype.

§ 425 Remarks.—Now that Mr Walter Billings has referred E. Billings' fig. 2(i

to P.filitexta, there is no difficulty in discriminating between the two species (§ 419).

In the absence of definite information as to the periproctals, the difference between

this species and P. squamosa var. rohusta seems to lie only in the shape of the pectini-

rhombs ;
10-14 is almost lozenge- shaped and elongate along the suture in P. elegans,

but in P. rohusta is subrhomboidal, almost triangular, and widened across the suture.

Comparison with other Species.—^See further §§ 551-553.

§ 426. Pleurocystis exornata.

1857. Pleurocystites exornatus E. Billtngs, Geol. Surv. Canada, Rep. Progr., 1856, p. 287.

1858. Pleurocystites exornatus Bill., E. Billings, Canad. Org. Rem., dec. 3, p. 52.

1859. Pleurocystites exornatus (et errore ornatus) Bill., '?var. oijilitextus Bill., E, J. Chapman,

Canad. Journ., n. ser., vol. 4, p. 45.

1899. Pleurocystites filitextus, var. exornata Bill., O. Jaekel, " Stainmesgesch. d. Pelmat.,"

p. 234.

§ 427. Diagnosis.—A Pleurocystis [with shape of theca undescribed]. Pectini-

rhombs all present, flat, with sharp border, all widened and sub-triangular [ratio

undescribed]. Anal face and periproctals as in P. filitexta. Ornament of antanal face

[not described, but inferred from the name to be] clearly, if not strongly, marked.

Columnal flanges vertically ridged.

§ 428. Locality.—Near Montreal.

§ 429. Horizon.—Lower part of Trenton Limestone, and fragments (?) in Chazy

Limestone (Billings, 1858).

§ 430. Type-material.—^The specimen definitely mentioned by E. Billings (1857)

as in the Museum of the Geological Survey, Ottawa, is the holotype.

§ 431. Remarks.—The diagnosis is incomplete, since many of the characters were

not mentioned by E. Billings, and the specimen has never been figured. The shape

of the rhombs is, however, quite enough to separate the species from P. filitexta and

P. elegans (see § 419).

I can find no subsequent reference to the occurrence of this species, or indeed of

this genus, in the Chazy. Dr Ami did not mention it in his brief synopsis of the

geology of Montreal (Dec. 1887).

Comparison with other Species.—See §§ 551-553.
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§ 432. Pleurocystis anticostensis.

1857. Pleurocystites anticostensis E. Billings, Geol. Surv. Canada, Rep. Progr., 1856, p. 288.

1858. Pleurocystites anticostiensis Bill., E. Billings, Canad. Org. Rem., dec. 3, p. 52, pi. 1, f. 3.

1866. Pleurocystites anticostiensis Bill., E. Billings, " Catal. Silur. foss. Anticosti," p. 8.

1899. Pleurocystites squnmosus, var. a7iticostiensis Bill., O. Jabkel, " Stammesgesch. d. Pelmat.,"

p. 234.

§ 433. Diagnosis.—A Pleurocystis [with sides of theca unknown] ; shoulder-angle

apparently ca. 65°
; ratio, width : height, of plate 5, circa '97. Pectinirhombs all

present, with slight rounded border, all elongate, lanceolate; in 10-14, sutural axis:

transverse axis : : 5 : 2 (approximately) ; folds in all uncovered. [Anal face unknown.]

Ornament of antanal face slight concentric folds, smooth. Columnals with coarse

vertical ridges on flanges which appear nodulose.

§ 434. Locality.—Charleton Point, Anticosti Island.

§ 435. Horizon.—Hudson River Group.

§ 436. Type-material.—The single imperfect specimen figured by E. Billings

(1858) is the holotype. No others have been recorded.

§ 437. Remarks.

—

P. anticostensis is reduced to a variety of P. squamosa by

Jaekel (1899); but there are definite points of difference known, and others may be

expected in accordance with the undoubtedly later age of the species.

Comparison with other Species.—See §§ 551-553.

§ 438. Pleurocystis mercerensis.

1895. Pleurocystites mercerensis S. A. Miller & W. F. E. Gurley, Bull. Illinois State Mus.,

No. 6, p. 60, pi. 5, ff. 25, 26.

1899. Pleurocystites mercerensis Miller & Gurley, 0. Jaekbl, "Stammesgesch. d. Pelmat.,"

p. 234.

§ 439. Diagnosis.—A Pleurocystis with sides of theca convexly curved forming a sub-

ovate outline ; shoulder-angle ca. 75° ; ratio, width : height, of theca, circa '95
; of plate

5, ri
;
plate 3 descends below stem-attachment [amount unknown]. Pectinirhombs all

present, with well-marked border, all widened, elliptical [ratio unknown], folds in all

uncovered. [Upper part of anal face unknown.] Periproctals " very numerous minute."

Ornament of antanal face said to be radiate. [Columnals unknown.]

§ 440. Locality.—Mercer co., Kentucky, U.S.A.

§ 441. Horizon.—Trenton Group.

§ 442. Type-material.—The unique specimen in the Gurley collection, presumably

now at Chicago University, is the holotype.

§ 443. Remarks.—The description by Miller & Gurley unfortunately pays

more attention to features common to the whole genus, than to such as might have

proved characteristic of the species. Moreover, the statement that "the plates

are radiately sculptured," though confirmed by the figure, must be viewed Avith caution
;

and the fact that " the column is elliptical" may indicate merely that the specimen is

slightly crushed.
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From the vague description of the periproctals and from the form of the pectini-

rhombs, one infers, with Miller & Gurley, that the species is nearest to P. squamosa.

From this it appears to differ in the more ovate outline of the theca and the more

elliptical shape of the pectinirhombs. Further, according to the statement of Miller

& Gurley, " this species has one plate less in the first range." Interpreting this

by the figures, one gathers that plate 1 is very low, but is extended to the right, round

the edge of the theca, so as to cut plate 2 off" from the stem. It certainly seems

improbable that plate 2 should not come down to the stem on the anal face, but on the

antanal face plate 1 may very well have the shape shown. Dr Jaekel, indeed (1899,

p. 235), says that the remarks of the authors on this point are " off'enbar irrthiimlich.

"

A precise statement supported by a drawing is, however, not to be dismissed without

examination of the actual evidence ; and I have not seen the holotype.

Comparison with other Species.—See §§ 551-553.

§ 444. Pleurocystis Rugeri.

(PL V. figs. 57, 59. Text-fig. 69.)

1866. Pleurocystites Rugeri J. W. Salter, Mem. Geol. Surv. Gt. Britain, vol. 3, p. 288,

pi. 23, f. 5.

1878. Pleurocystites Rugeri Salt., " Mus. Pract. Geol., Catal. Camb. Foss.," pp. 35-63.

1899. Pleurocystites Rugeri Salt., 0. Jaekel, " Stammesgesch. d. Pelmat.," p. 235.

1902. Pleurocystites Rugeri Salt., H. A. Allen, Geol. Surv. U.K., Summ. Progr., p. 205.

§ 445. Diagnosis.—A Pleurocystis with theca of trapezoid outline, the sides diverg-

ing ; shoulder-angle ca. 90°
; ratio, width : height, of theca, "95

; of plate 5, 1"3
;
plate

3 descends to about third flange. Pectinirhomb 1-5 suppressed; 10-14 and 11-12

slightly convex, no definite border, both widened, long-elliptical; in 10-14, sutural

axis : transverse axis : : 3 : 13; folds uncovered. Periproct reaches between plates 12

and 14 almost up to the brachioles. Periproctals generally about "65 mm. in diameter,

but near margin may be as low as "4 mm. Ornament of antana] face, fine granules in

concentric lines, and in main and subsidiary axial ridges, also slight radiate ridges.

Columnal flanges bear granules in irregular vertical ridges.

§ 446. Locality.—^The holotype is from Blaen-y-Cwm, near Llangadoc, near

Llandovery, S. Wales. From Cefn-Llwydlo near Llandovery come Nos. 25831 and

25832 of the Museum of Practical Geology. M.P.G., No. 964 and the Oxford specimen

are from Cynwyd near Corwen. M.P.G., Nos. 25702 and 25703, which are probably

of this species, come from Haverfordwest. "A stream south of Wharfe," Yorkshire,

is the locality of a doubtful specimen in the Sedgwick Museum (see end of § 449),

§ 447. Horizon.—Except the last, all the specimens from the localities just

mentioned are in an occasionally micaceous sandstone or grit said to be Caradoc Sand-

stone. The matrix from the type-locality is a dark grit with grains or small pebbles of

white quartz up to 5 mm. diameter. Prof. 0. T. Jones (in litt.) confirms the Caradoc

age of the fossils from this locality in general, but the precise horizon within the
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Caradoc series is still unknown to me ; and I am even less well informed as to the other

localities. The MS. label, probably by Grindrod, attached to the Oxford specimen

bears the letters " B, 7. g.," and a later hand has added " Upper Bala." The Museum

of Practical Geology Catalogue of Cambrian Fossils (1878, p. 63) quoted the species

also from the Lower Llandovery at Blaen-y-Cwm, on I know not what evidence. The

Sedgwick Museum specimen is from the lower part of the Coniston Limestone series.

Salter (1866, p. 288) also says that " fragments of this genus occur in the Bala

Limestone itself," and (on p. 262) quotes Pleurocystites sp. from Rhiwlas. These state-

ments probably do not refer to P. Ruge7'i (§ 454), and, in any case, Dr F. L. Kitchin

informs me that no species from that locality, or from the Bala Limestone at all, are

preserved in the Museum of Practical Geology.

The name Pleurocystis Rugeri occasionally appears in lists of fossils accompanying

papers on stratigraphy, but there is no guarantee that the determinations are correct.

§ 448. Type-material.—The only specimen described and figured by Salter (1866)

is the one from Blaen-y-Cwm, preserved in the Museum of Practical Geology and

already recorded as the type-specimen (holotype) by H. A. Allen (1902). Mr Allen,

it should be noted, gives only the number 7434, whereas the specimen really consists

of two counterparts : the one (7434, our PI. V. fig. 58) preserving an impression of the

anal side of the specimen, as figured by Salter, not "the internal cast"; the other

(25701, our PI. V. fig. 57) preserving the impression of the antanal side. Counterpart

7434 is a thick, irregularly broken mass of rock, split roughly along a bedding plane,

with an area of about 7 cm. x 6"5 cm., on which lie portions of at least four individuals

of this species. All the individuals appear to have been lying in the same general

direction and on the same side, so that in this counterpart it is the imprint of the anal

side that is seen in each case. Only two of the individuals are shown at all clearly.

Counterpart 25701 is a small fragment preserving the imprint of the greater part of

the antanal side of the principal specimen and small portions of that of the others.

§ 449. Other Material.—Specimen 964, preserved in the same way as 25701
;

25828, 25829, the imprint and internal cast of a stem ; 25831, the interior of a portion

of the antanal test, covered in small part by periproctals ; 25832, probably plate 7 or 2

of this species ; 25702, the imprint, and 25703, the imperfect theca : all in the Museum

of Practical Geology (§ 446).

A specimen in the Grindrod collection at the Oxford University Museum (PL V.

fig. 59) bearing on its back the number
J20|,

consists of a theca and the proximal portion

of its stem, for the most part preserved as an internal cast ; the antanal face is upper-

most, but most of the plates over the middle region have disappeared entirely.

A specimen found by the Rev. A. Pagan, referred to by Mr J. E. Marr (1887,

p. 36, and 1892, p. 108) as " Ateleoci/stites sp.," and described by Mr S. H. Reynolds

(1894, p. 1 10, pi. 4, ff". 9, 10) as "? Ateleocystites," is in the Sedgwick Museum, Cambridge,

and through the kindness of Prof. M'Kenny Hughes and Mr H. Woods, has long been

in my hands for study. It is in a calcareous mudstone, said to be from the Coniston
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Limestone series of Wharfe, and consists of an internal cast of part of the theca, and

external imprints of fragments of the same part. The internal cast shows the sutures

of certain plates in their natural relations, as shown in Reynolds' fig. 10. If that

fitxure be turned round, so that its straight upper line (which is not straight in the

fossil) is on the observer's left, and then compared with our text-fig. 7Q, the plates will

at once be recognised : namely, beginning at the bottom left-hand corner and following

the clock-hand—8, 9, 14, 10, 5, 4, 3. It will be seen that the limiting fracture excludes

the pectinirhombs. Near this border are imprints of several periproctals, with a maxi-

mum diameter of 7 to 1 mm. Reynolds' fig. 9 represents the imprint of plate 9. A
squeeze taken from this shows the ornament of ridges, pustules, and very fine growth-

lines to resemble that of some specimens of P. Rugeri, with which species the specimen

also agrees in the relative width of plate 5. Mr Reynolds seems to have referred this

fossil to the Anomalocystidae because of certain " wavy lines." These are confined to

the portion which I have called an internal cast, but which is perhaps more correctly

described as a much decomposed and exfoliated thecal fragment. The wavy lines are

very irregular, anastomosing streaks of partly decomposed calcite, and their general

direction may be due to exfoliation along the original growth-lines, perhaps conflicting

with the cleavage of the decomposed stereom. To sum up, I refer this supposed A teleo-

cystis to Pleurocystis, and provisionally to P. Rugeri.

§ 450. Description of Specimens.—The following remarks refer to the holotype,

except when otherwise stated (see PI. V. figs. 57, 58).

The Thecal outline has been described as roughly triangular, but might better

be called trapezoid : the strong slope of the shoulders, forming a right angle, is the

characteristic feature. In the most complete individual the width at the base is

25*3 mm.; the sides ascend steeply for about 10 mm., then slope sharply to the narrow

adoral end, where the diameter, at a height of 24 mm. from the stem-attachment, is

6*3 mm. The other well-preserved individual must have been larger, with an estimated

diameter of 33 mm. at the base; from the stem-attachment to the umbo of plate 10

is 15 '5 mm. In the Oxford specimen the height is 15 mm., and the width is 207 mm.;

but both measurements are taken from the internal cast, in which the height is dis-

proportionately reduced (PI. V. fig. 59).

§ 451. Salter's words :
" The basal plates project over the stem considerably," and

the representation of this region in Bone's figure scarcely convey a correct idea of the

facts. The projecting rim of what appears to be the proximal columnal is visible in the

middle of both faces ; but plates 2 and 3 send a wing-like process downwards on each

side of the theca to below the level of the third columnal. In the larger individual

this distance amounts to 2 '8 mm.

§ 452. Of the plates on the antanal face, 5, 6, and 9 are all wider than high,

5 being 87 mm. by 11*3 mm. The umbones of 6 and 9 project at the sides of the

theca, which here has a width of 25*3 mm. The surface of 5 is relatively flat, and its

umbo does not project. The umbo of 10 projects strongly, and that of 11 only a little
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less. The outline of the theca, on the antanal face, coincides with the line connecting

theumbones of 9 and 14, 6 and 12, respectively; but above each of these lines there

projects as an epaulette the stout ridge of the very narrow pectinirhomb.

5 453. The Pectinirhombs. One of the most striking features of this species is

the absence of pectinirhomb 1-5. This statement is based on the clear evidence of

the holotype, both the figured individual and the others preserved in specimen 25701,

whether these be studied in the matrix or by means of squeezes ; also on that of

specimens 964 and 25831, and, so far as they go, the imperfect theca 25703 and the

Oxford specimen. But the greater the certainty of the fact, the greater is the difficulty

presented by the original account.

^ 454. Salter says :
" The lower rhomb is closer upon the cordate base of the cup

than in any other species, so that the central area of the upper surface is conspicuously

large." The reasoning, and even the meaning, of the latter half of the sentence are

by no means clear. The main difficulty, however, is that the sentence implies the

presence of rhomb 1-5. Where did Salter see it ? In the list of " N. Welch Caradoc

Fossils," on p. 262 of the same work, an undetermined species of Pleurocystites is

quoted from " Ehiwlas, Bala," and this is distinguished as " with rhombs, three on

one side." Now, seeing that all species of this genus previously described possessed

" rhombs, three on one side," why was it necessary to burden a list of names with a

statement connoted by the generic name itself? If, however, the specimen from Blaen-

y-Cwm, S. Wales, taken as the holotype of P. Rugeri, had no basal rhomb, then the

statement was justified, and was indeed necessary to distinguish the Bala specimens

from P. Rugeri. It may therefore be that Salter's remark about the basal rhomb

was based on a specimen from Bala or elsewhere, a specimen which probably did not

belong to P. Rugeri at all. Unfortunately the Rhiwlas specimen cannot now be found.

§ 455. Pectinirhombs 11-12 and 10-14 are more clearly distinguished in the anal

counterpart, where they are viewed from the interior ; on the antanal counterpart only

10-14 is well seen (text-fig. 69). The feature of both rhombs is their narrowness and

extension across the suture ; and this seems to have affected their structure. Rhomb

10-14, when the theca is viewed from the side, is seen to lie almost horizontally, but rises

slightly from 10 towards 14. Its outer surface in the direction of its length is slightly

convex. Its extreme length is 6'5 mm.; its width, 1'5
; a ratio of more than 4:1

(Salter gives 3:1). The folds, which are not more than nine, in external view appear

to run from end to end of the pectinirhomb, but, as seen from the interior (7434), are

more compressed towards plate 14 and fan out towards plate 10, while alternate folds

disappear and the five remaining become broader. A similar arrangement obtains in

pectinirhomb 11-12, but here the maximum number of folds observed is eleven. Such

are the appearances in the imprints and squeezes, but, in the absence of the actual

stereom, it is difficult to understand their meaning (cf. § 510, P. quadrata).

§ 456. The flexible integument of the Periproct occupies almost the whole of the

anal face, reaching to within '8 mm. of the stem, and almost, if not quite, up to the
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base of the brachioles. It is bounded by a subtriangular frame formed of the edges

of plates 3, 8, probably part of 9, 14, 12, perhaps a small piece of 6, 7, and 2. This

frame is broadest at its lower angles (plates 7 and 8) and narrowest just above these

(plates 6 and 9). Plates 12 and 14 are separated, but whether 18 enters into the frame,

or whether it may have been pushed aside or suppressed, is uncertain,

§ 457. The periproctal plates are better seen in the larger individual adjoining the

main one (PI. V. fig. 58, right-hand), since they are here proportionately larger, nine

in 4 sq. mm. They are hexagonal and tend to run in rows, but in neither respect

are they regular. In the main specimen the plates near the edge are a little smaller

than those in this central and especially the adoral region, sometimes as many as five

in a length of 2 mm. In the Oxford specimen some periproctals attain a diameter of

9 mm., but smaller ones are sparsely interspersed, and as a rule the plates run nine to

4 sq. mm.

§ 458. The number of periproctals, as independently based on the measurements of

the two type-individuals just referred to, is estimated as about 1200 in each case.

Dr Jaekel (1899, p. 235), basing his estimate on Bone's drawing (Salter, 1866),

gives the number as 300-400 ; the estimate of " etwa 1000" given on p. 130 appears,

from the reference to pi. 12, f. 6a, to be based on a specimen subsequently made a

type of P. anglica and (p. 235) credited with " cirka 1500" periproctals.

The flexibility of the periproctal integument is inferred from the way in which it has

been forced by the surrounding matrix into the thecal cavity and pressed against the

inner wall of the antanal face, so that the outlines of the large plates can be discerned

beneath it. This is clearly seen in specimen 964, where the antanal plates have been

displaced, so that the periproctal integument has been pulled and folded,

§ 459. The actual Vent is not seen in any of the specimens, but in 964 some of

the folds just mentioned appear to converge towards the lower angle bounded by plates

3 and 8, at which point the vent occurs in other species. This position is well below

the stem-attachment: in the holotype as much as 2*8 mm,, or about the level of the

third flange ; in 964, rather lower ; and in 25831 plate 3 reaches to about the level

of the fourth flange, and is bent so as to form a channel for the rectum,

§ 460. The Ornament of the antanal surface consists of granules, about 25 to the

square millimetre, arranged in lines parallel to the edges of the plates and concentric

with the umbones. These lines of granules may form granular ridges. Crossing the

concentric lines are more prominent granular ridges, running from umbo to umbo across

the sutures. Occasionally there are subsidiary ridges parallel to these main axial ridges,

as well as a faint ridge from the umbo to the angle ; but all these are obscure in the

main individual, though plainly seen in a plate (? 6) of an adjacent individual. In

specimen 25703 the granulation is much coarser, and the granules are run together

mto ridges, between which the surface is smooth ; the axial ridges are the strongest,

the subsidiary rhomb-ridges and those to the angles are rather less.

On the anal face the surface of the plates framing the periproct is ornamented with
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very distinct, somewhat wavy, granular ridges, parallel to the margins, but some-

times (as in the Oxford specimen) crossing the sutures. The periproctals also are

finely granular, and this feature is well marked in the Oxford example.

§ 461. It is not clear to what Salter was referring when he said that the holotype

showed part of one of the Arms. The object shown near the top right-hand corner of

his figure appears to have been intended for the impression of a distal part of a stem,

which, however, does not exist. The arms of the specimen, if present at all, are buried

in the matrix.

§ 462. The Stem in the main individual retains about 22 columnals, which make

up a total length of 28 mm. in an almost straight line. The distal end is not shown.

The columnals have a greatest diameter on the flange in the proximal region of

5 "6 mm., and from this taper gradually to 1"9 mm. in the distalmost preserved. The

interval between the bottom of the proximal flange and the bottom of the next is

about 1 mm. In the distal region the corresponding interval is about 17 mm. The

flanges are ornamented with granules arranged in irregular vertical ridges. The

intermediate columnals are also slightly granular, and in the distal region their granules

form a transverse annular ridge half-way down the ossicle, corresponding to the ridge

formed by the flange in the other ossicles. In addition to these annular swellings the

ossicles may be covered with very fine transverse ridges of granules, and crossing these

are broad vertical folds or furrows, giving somewhat the appearance of wickerwork.

This is well shown by an isolated columnal in specimen 7434.

§ 463. Comparison with other Species.—With P. anglica[\ 485), with P. procera

(§ 500), with P. gibba (§ 534). See also the Key (§ 551) and the comparison with

American species (§§ 552, 553).

§ 464. Pleurocystis anglica.

(Plate V. figs. 60-62. Text-fig. 70.)

1899. Pleurocystites Rugeri Salter, 0. Jaekbl, " Stammesgesch. d. Pelmat.," p. 130.

1899. Pleurocystites anglicus, 0. Jaekbl, op. cit., p. 235, pi. 12, ff. 6, 6a.

§ 465. Diagnosis.—A Pleurocystis of elongate trapezoid outline, the sides sloping

gently upwards and inwards from the umbones of plates 7 and 8 to the level of the rhombs

on ] 2 and 14, at an angle of circa 40° [then probably sloping towards each other at circa

90°]
; ratio, width : height, of theca [unknown, calculated as about] -8

; of plate 5, 1*15
;

plate 3 descends to probably between second and third flange. Pectinirhombs all

present, with raised border ; all widened, long-elliptical
;
[ratio of axes uncertain] ; folds

uncovered. [Upper limits of periproct unknown, but it is clear that] plates 12 and 14

do not meet. Diameter of periproctals ranges from 1 mm and less in middle region

to '3 near margin. Ornament of antanal face, granules in concentric lines, and in main

axial and rhomb ridges, and radiate ridges. Columnal flanges bear prominent granules,

which may be in vertical series.
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^ 466. Locality.—Dr Jaekhl (1899, p. 235) says " angeblich Schottlands ? vielleicht

Siid-Wales," aud then names the species " angliciis." So far as I am aware the species

does not occur in Scotland or Wales or England, but, as explained in § 468, comes from

Bardahessiagh, co. Tyrone, Ireland, and probably from one of the localities numbered

2 and 3 in W. H. Baily (1878), "| mile N. of slate quarry R. C. Chapel, 2^ miles

N. of Pomeroy."

^ 467. Horizon.—The matrix of the known specimens is a micaceous sandstone

with all the calcareous matter leached out ; it is of a dark greenish grey, iron-stained

along the cracks and in the fossil-cavities. The original of Jaekel's fig. 6 is on a slab

12 cm. long and from 6 cm. to 10 cm. wide, which bears the imprints of Plectambonites

sericea, Leptaena alF. rhomhoidalis, Lingula sp., with fragments of a small Orthis

and 1 Rafinesquina siluriana. Comparison with the rock-descriptions and fossil-lists

published by Fearnsides, Elles, & Smith (1907) leads to the conclusion that the

specimens must have come either from the upper part of the beds which they call

Bardahessiagh beds, or from the lower part of the overlying Killey Bridge beds. There

is no sharp line of division between the beds, but those authors state (p. 102) with

regard to the latter division that " the lowest partly flaggy beds abound in innumerable

fragments of Lamellibranchs, Gastropods, Crinoids, and Cystids." The Bardahessiagh

and Killey Bridge beds are placed by the same writers in the Lower Ashgillian, and

correlated with the lower and upper parts of the Keisley Limestone of the Lake

District, and of the Sholeshook Limestone of S. Wales ; in the Girvan area their

respective equivalents are held to be the Quarrel Hill beds and the Trinucleus mud-

stones. The Tirnaskea beds, which succeed the Killey Bridge beds, are correlated with

the " Thraive beds of Girvan," by which presumably is meant the Drummuck Group,

comprising the Starfish bed. If these correlations are correct, then Pleurocystis anglica

is a little older than the Girvan species, and probably a little younger than P. Riigeri.

This is precisely the conclusion to which I had come from a study of the species itself,

before I had any external evidence as to its precise geological age.

§ 468. Type-material.—Dr Jaekel (1899, p. 235) mentions two syntypes of this

species belonging to the Vetenskapsakademi, Stockholm. Through the kindness of

Prof. Gerhard Holm I have been able to examine these. One of them is the original

of Jaekel's fig. 6, the other of his fig. 6a, and they will be referred to here by those

numbers. 6 is the imprint of the antanal face of the lower part of a theca, with a long

stretch of stem (our PL V. fig. 60). 6a is the imprint of the anal face of the lower

part of another theca (our PI. V. fig. 62). The locality and mode of acquisition of

these two specimens was unknown to the Stockholm authorities, but they were believed

to be of British origin and to have been obtained at the same time. The close

similarity of the matrix confirms the view that both came from the same locality

and horizon.

Fortunately 6a proves to be the counterpart of No. 25704 in the Museum of Practical

Geology, and that specimen is definitely labelled Bardahessiagh (PI. V. fig. 61).
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Since the two faces of 6a are now known, it seems advisable to select that

individual as holotype. The selection is not without importance, because the species

is in any case closely allied to P. Rugeri, and in regard to ornament that species

comes midway between the two specimens of P. anglica, so that one or other of them

might conceivably be regarded as a synonym of P. Rugeri, and if that one were the

holotype, a new name would be required for the other.

§ 469. Description of the Specimens. — Since these are somewhat difficult of

interpretation, and since my interpretation differs in a few points from that of

Prof. Jaekel, it is necessary to deal with them individually.

In specimen 6 (PI. V. fig. 60 ; text-fig. 7Q) the plates visible on the antanal face

are : in Circlet I., 3, 4, 1, and part of 2, the last not shown by Jaekel ; in Circlet II.,

8, 9, 5, 6, and apparently the lower part of 7 ; in Circlet III., the lower parts of 10

and 11. Plates 14 and 12 and all the plates of Circlets IV. and V. are broken away.

(2/n l^y'^

Fig. 76. Fig. 77. Fig. 78.

Text-figs. 76-78.

—

Pleurocystis anglica. Keys to the arrangement of the plates in the photographs

on PI. V. X 3/2 diameters.

Fig. 76 = pi. -fig. 60.—Paratype, in Riksmuseura, Stockholm.

Fig. 77 = pi. -fig. 62.—Counterpart of Holotype, 25704 Mus. Pract. Geol. In the plate the periproctals are

seen, but in this diagram they are omitted, and only the outlines of the underlying plates of the antanal

side, as seen from within, are inserted.

Fig. 78 = Pl.-fig. 61.—Holotype, in Riksmuseum, Stockholm.

The lower part of 14 with its half of the pectinirhomb is shown in Jaekel's figure;

but either this is a restoration or the plate has since been destroyed. In either case

the drawing of that plate appears incorrect, and this opinion is confirmed by the

incorrect rendering of the outer margin of plate 9 (erroneously lettered /4, instead of

Z3 ; see § 368). The theca, as a whole, is a little crushed and bent on itself between

plates 5 and 6.

In specimen 6a (PI. V. fig. 62 ; text-fig. 77) the plates of the frame visible are,

from left to right: part of 12, the corner of 6, 7, 2, 3, 8, and perhaps part of 9.

Through the periproctal plating can be discerned the outlines of 6, 5, 9, 1, and 4.

In 25704 (PI. V. fig. 61 ; text-fig. 78) the first three Circlets have left their

imprints, but the plates had previously been displaced.

§ 470. Making allowance for the disturbance in the two specimens, and checking

our observations by 6a, we note that the greatest width of the theca lies between the

umbones of plates 8 and 7, being ca. 27 mm. in 25704 and not less in 6. From this
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level the sides of the theca appear to slope gently towards the oral pole, so that the

outline was probably a trapezoid, truncate at the stem-facet and the oral end. The

actual height of the theca cannot be measured, but a comparison with P. Rugeri may

be based on the following measurements : Height from stem to umbo of plate 10, in

25704, ca. 17 mm., i.e. ca. "63 of width ; in 6, 20 mm., i.e. '77 of width ; in P. Rugeri,

•61 of width. These ratios, no less than the gentler slope of the sides and the greater

width between the upper pectinirhombs, indicate that the theca was relatively more

elongate in P. anglica.

§ 471. This conclusion is borne out by the measurements of individual plates, all

of which are relatively narrower than in P. Rugeri. Of these, plate 5 in particular has

always been found a safe index to the general proportions. In 25704, plate 5 has a

greatest width of ca. 9 '2 mm., a height of 8 '4 mm. ; in 6 its shape is distorted, but

measurements along the ridges give width 12 '6 mm., height 107 mm. The ratios of

height to width are therefore : in 25704, '91
; in 6, "85

; in P. Rugeri, -77.

§ 472. The ratio of thecal width to height given in the diagnosis, viz. '8, is the

mean of the ratios severally calculated from the various measurements just given.

The same ratio, if calculated from Jaekel's estimated measurements, would be '83
; in

P. Rugeri it is '95.

§ 473. Plate 6 is in specimen 6 partly covered by plate 5, through which its outline

can be dimly apprehended ; in 25704 it has a width of ca. 7*5 mm., a height of 8*6 mm.

Plate 8 is not clearly seen. Plate 9 in specimen 6 has a width of 9 '4 mm., a height

of 11 "5 mm. ; in 25704, a width of 8 mm., a height of ca. 9 '5 mm.

§ 474. Comparison of Dr Jaekel's fig. 6 with our PI. V. fig. 60 and text-fig. 7Q

will save much detailed criticism. In this specimen, as in 25704, an unusually large

amount of plate 7 is visible on the antanal face, and here it seems to stretch between

plates 2 and 1 below, and 6 above, right up to plate 5. The disturbance of the plates

renders it difficult to reconstruct their precise outlines, and my interpretation does not

quite agree with Dr Jaekel's figure. We agree, however, in representing some

unusual plate between 1 and 6. In this connection the peculiar outline of plate 7 in

25704 is noteworthy : it has a side indicating abutment on a plate either invisible or

no longer present. It is just possible that both specimens had this peculiar structure.

I
475. Plates 2 and 3 do not descend so far below the stem-facet as in P. Uageri,

but the precise level they reach is not clearly seen.

I
476. There are three Pectinirhombs in the usual position, all with a thickened

border raised well above the thecal surface, and all apparently widened across the

suture as in P. Rugeri, that is to say, to a far greater extent than represented by
Dr Jaekel's draughtsman.

§ 477. Connected with the presence of pectinirhomb 1-5, the umbo of plate 5

projects slightly more than in P. Rugeri. In specimen 6, this rhomb has a length

of ca. 7 mm., a width of 1-6 mm., and contains about nine folds. In 25704, this rhomb
seems to lie almost on the suture l|4, and to pass downwards to the stem, an appear-
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ance recalling Salter's description of P. Rugeri (§ 454) and evoking a suspicion that

he may have seen this specimen. The explanation of the appearance probably is that

plate 1 has been squeezed out of sight and covered by plate 2.

§ 478. The elongate ellipses of the upper pectinirhombs are seen in 25704, and at

most twelve folds can be counted in rhomb 10-14 (text-fig. 70). Dr Jaekel says of

specimen 6 "das obere [Porenfeld] auf 1'3
: I'i breit"; but, though the statement is

probably correct, I am unable to confirm it from the present evidence of the specimen,

since the rise of the umbones of plates 1 and 1 1 to form the borders of the rhombs is

all that can be seen.

§ 479. The Periproctals, as seen in 6a, are markedly, though not quite regularly,

hexagonal, with a faint concentric ridging. Those near the middle region are generally

the larger, some with a diameter as much as 1 mm., but some smaller ones are inter-

calated. Near the frame they are smaller, running 4, or even as many as 9, to the

square millimetre.

The diameter of the periproct is about 20 mm. near the base, and continues at this

width to a height of about 12 mm. The total area may be estimated at 360 sq.

mm., and, taking an average of 3 plates to 1 sq. mm., one obtains a total of 1080.

Dr Jaekel's estimate is 1500. Splitting the difference gives 1290, which is very close

to our estimate for P. Rugeri, viz. 1200.

§ 480. Dr Jaekel's drawing of the plates round the Vent is a restoration, which,

however correct, is unsupported by evidence.

§ 481. The Ornament on the antanal face is slightly different in the two

individuals. In specimen 6 (PI V. fig. 60) it consists of granules, 9 to 1 sq. mm.,

arranged in definite axial rows and in less definite concentric rows. In some of the

axial rows the granules may fuse to form thin, but prominent and sharply cut, main

axial and rhomb ridges, and in most of the plates the granules also fuse to form rather

broader ridges radiating from the umbo to the angles. Compared with P. Rugeii, the

granules are coarser, the concentric lineation more subordinate to the very definite

rhomb lineation, and the ridges are more prominent.

In 25704 (PI. V. fig. 61) it is the concentric ornament that predominates; it

consists of faint, slightly curved ridges, which cross the flattened ridges that radiate

to the angles.

In both specimens the border of the antanal face is slightly swollen, and stiffened

by stronger folds parallel to the border and crossing the sutures. The concentric

ridges of 25704 as they cross these folds are broken into granules.

On the anal face, in 6« (PI. V. fig. 62), plates 2 and 3 are strongly marked with

fine granular ridges parallel to the sutures.

§ 482. The Stem in general character is like that of P. Rugeri. In 25704, at

least 61 mm. are preserved, but in four separate lengths somewhat disarranged (PI. V.

fig. 61). In specimen 6 it is preserved in two main pieces to a length of 86 mm.

(PL V. fig. 60).
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In the proximal region the columnals have a greatest diameter, on the flange, of

4 mm. in 25704 ; of 6 '2 mm., somewhat exaggerated by flattening, in specimen 6.

From this they taper to the distalmost portion preserved, which in 25704 has a

diameter of \'S mm., in specimen 6 of 1'6 mm.

The interval between the bottom of the proximal flange and the bottom of the next

is circa '75 mm. in 25704 ; in specimen 6 the two flanges are closely apposed, but the

normal distance, as measured in the 3rd and 4th flanges, is about I'l mm. and remains

the same to the 14th and 15th flanges. In 25704, however, the distance increases, and

at the 12th flange is already 1'8 mm. In both specimens the height of both flanged

and intermediate columnals continues to increase until a maximum is reached, which

in 25704 appears to be 4*5 mm. In the distal region of specimen 6, well-preserved

columnals have a height of 3 mm. , and at the swelling a diameter of 2 mm. precisely.

§ 483. The ornament on the proximal flanges consists of prominent granules,

usually in two transverse rows. In specimen 6 these are in vertical series, but in

25704 they are not obviously so. Lower down in 25704 the columnals are banded

with close-set transverse ridges of granules, some of which granules may be larger and

in vertical series. In specimen 6 the vertical ridges thus formed are predominant.

Thus the columnar ornament presents the same individual variation as in P. Rugeri ;

but in both species the granulation and transverse banding are always present.

§ 484. Comparison of the Holotype (25704 and 6a) with the Paratype (6).—In

view of the diff"erences between the two individuals, a careful comparison has been

made and is here summarised.

Outline probably similar.

Ratio, width : height : : 100 : 63 in holotype.

: 77 in paratype.

The difference partly due to crushing.

Proportions of individual plates :

Holotype. Paratype.

Plate 5, height '91 of width . . .
-85

Plate 6, ,, 1-14 „ ... ca. 1'5?

Plate 9, „ 1-19 ,, . . . 1-22

Obvious structural diff"erence, in extension of plate 7 in paratype ; but the

diff"erence may not be so great as it appears (§ 474).

Ornament, dominance of concentric on both theca and stem in holotype
;

of axial in paratype.

These differences appear quite explicable as individual variations, and are certainly

less than those which separate these specimens from those definitely assigned to

P. Rugeri.

§ 485. Comparison of P. anglica with P. Rugeri.—It will have become clear that

the differences between the two species are not exactly those on which Dr Jaekel laid
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stress. The number of periproctals in P. anglica, for instance, instead of being five

times as great, is actually the same as the number in P. Rugeri. I have therefore

made a minute comparison of each specimen of P. anglica with the corresponding view

of the holotype of P. Rugeri. It is not necessary to print this here because the facts

have been given in the descriptions, and attention has already been directed to some

of the differences. The conclusions reached are the following :

—

(a) No weight can be attached to minor differences of ornament, which are only

differences of degree.

(6) Differences of anatomical structure, such as the absence of a pectinirhomb and the

apparent extension of plate 7, may conceivably be individual abnormalities

;

on the other hand, it is noteworthy that a difference in such features does

coincide with a different geographical distribution so far as is known at

present,

(c) There remain differences of general form and of proportion in the plates, such

as have proved fairly constant in the American species. In these respects the

two individuals from Bardahessiagh agree with one another, and are therefore

to be regarded as conspecific. In the same respects they disagree with the

holotype of P. Rugeri, and may therefore be placed in a separate species.

But, though the two species are best regarded as distinct on the evidence avail-

able, they present many points of similarity. In both (a) the periproctals are small,

(6) the pectinirhombs are widened across the sutures, (c) the general character of the

ornament is the same, and {d) the main thecal plates are relatively wider than in

the Canadian species.

It may therefore be that the differences between the original specimens are a

consequence of structural abnormalities, and that future material will prove all to

belong to a single species.

Comparison with other Species.—See further %l 551-553.

Pleurocystis procera n. sp.

(PI. V. fig. 63. Text-fig. 72.)

§ 486. Diagnosis.—A Pleurocystis with outline elongate [not seen in lower partj

;

shoulder-angle ca. 70° ; ratio, width : height, of theca, 78 ; of plate 5, 74
;
plate 3

descends below second fiange. Pectinirhomb 1-5 suppressed; 10-14 widened, kite-

shaped, fiat, with slight border ; folds on 14 probably covered ; 11-12 small, triangular.

[Anal face not seen.] Ornament of antanal face, granules in concentric lines, main

axial ridges fine but distinct. Columnal flanges granulate.

§ 487. Locality.—Thraive Glen, Girvan.

§ 488. Horizon.—The Starfish Bed in the Drummuck Group (§ 6).

§ 489. Holotype.—The unique specimen Gl44.
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§ 490. Description of Holotype.—The outline is not clearly seen in the lower part

of the theca, but appears not to have been quadrate. An elongate appearance is

produced by the relatively small shoulder-angle, ca. 70°.

Height of theca, 16'6 mm. ; width, 12"8 mm.

§ 491. Plate 5 has a height, 6 '2 mm. ; width, 4 "6 mm. It is hexagonal, that is to

say, not reached by plate 2 or by plate 7 ; nor does it seem as though any large extent

of plate 7 can have been visible on the antanal face.

§ 492. Plate 3 descends to below the second flange, but, since the columnals are

somewhat shifted apart, the precise level is uncertain.

§ 493. Pectinirhombs. There is no trace whatever of 1-5, although the tract

it would naturally occupy is clearly seen. Considering the absence of this rhomb in

P. Rugeri, and the diminution of the other rhombs in this specimen, there is no reason

for regarding this as an individual abnormality.

§ 494. Pectinirhomb 10-14 (text-fig. 72) is kite-shaped, with the long axis across

the suture, and the obtuse angle of the kite on plate 10 ; the folds on the outer part

of 14 probably covered or closed with stereom (one has to say "probably" when

inferring such a character from a single imprint) ; margin slightly raised
;
pore-field

on 10 rather flat, with apparently only 8, and certainly not more than 10, folds.

§ 495. Pectinirhomb 11-12 appears as no more than a small triangle, with raised

border, and about 5 folds. Whether this represents the actual shape of the complete

rhomb is uncertain ; but in any case it was greatly reduced.

§496. Brachioles preserved to a length of 14 mm.; the more distal of the

preserved brachiolars are slightly tumid.

The anal face is not seen.

§ 497. Of the Stem four flanges are preserved ; these bear each about two transverse

rows of distinct, alternating granules. The intermediate columnals are faintly granulate.

§ 498. The Ornament of the antanal face is markedly granular. The granules are

in definite concentric rows ; and the rhomb-ridges are reduced to thin but distinct

main axial ridges.

§ 499. Comparison with other Species.—In founding a new species on a single,

none too perfect specimen, detailed justification is called for.

Taking first the Girvan species, we note that P. procera diff"ers from P. foriolus

and P. gihha in the widening of pectinirhomb 10-14. From P. quadrata, with which

it agrees in this respect, it seems to diff'er in the greater relative size of that rhomb

and the smaller absolute number of folds. Those features are rather obscure in the

specimens, but the absence of rhomb 1-5 and the greater reduction of rhomb 11-12 in

P. procera aff'ord more obvious distinction. P. quadrata, moreover, is markedly

subquadrate or quadrate, and has a much larger shoulder-angle ; it also has more pro-

nounced rhombic and radiate ornament, but on this I lay no great stress. All these

differences preclude reference of G 144 to any other Girvan species.

500. Undoubtedly P. proceiri is nearer to P. anglica and P. Rugeri, closely
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resembling the latter in the absence of pectinirhomb 1-5, and in the general character

of its ornament. The small number of folds in pectinirhomb 10-14 is another point

of likeness. It resembles P. Rugeri, but differs from P. anglica, in the hexagonal

shape of plate 5 and in the absence of any plate between 2 and 6. From both these

species, moreover, and especially from P. Pugef^i, it differs in the greater relative

height of both theca and plate 5. Indeed, in its proportions, it stands in marked

contrast to those species, and differs in the same way, if to a less extent, from all

other species mentioned in this memoir. This fact is marked by the name procera.

Pleurocystis quadrata n. sp.

(PI. VI. figs. 69-74. Text-figs. 73, 79.)

§ 501. Diagnosis.—A Pleurocystis with markedly subquadrate theca ; shoulder-

angle 100° (to 115°); ratio, width : height, of theca, "9 (to I'Oo); of plate 5,

1'09; plate 3 descends to about third flange. Pectinirhombs all present, with

variable border; all widened and rhomboid or trapezoid; in 10-14 are 25 to

28 folds, sutural axis : transverse axis : : 100 : 125 ; folds on 14 and 12 partly

covered. Plate 12 separated from 14 by the whole width of 18. Maximum diameter

of periproctals 1*4 mm. in larger individuals (to "9 mm. in smaller individuals). Orna-

ment of antanal face, strong radiate ridges, a few strong rhomb-ridges, traces of

concentric granulation. Stem proximally with bold flanges bearing granules in

vertical series.

§ 502. Locality.—Thraive Glen, Girvan.

§ 503. Horizon.—The Starfish Bed in the Drummuck Group (§ 6).

§504. Material.—G 171, holotype (PI. VI. figs. 69-71), and G142, paratype

(PI. VI. fig. 73). Associated more doubtfully are Gl74, Gl75 (PL VI. fig. 74),

G190, and Gl92.

§ 505. Description of Specimens.—^This follows the holotype, and is confirmed by

G142, except where otherwise stated.

The sides are parallel up to the level of the pectinirhombs, and are almost at right

angles to the basal line of the theca, thus producing a markedly subquadrate outline,

the effect of which is increased by the exceptionally wide shoulder-angle, 100°. Hence

the trivial name quadrata.

Thecal height, 28*2 mm.; width, 25*5 mm.

§ 506. Plate 5, height, 9 "6 mm.; width, 10*5 mm.

§ 507. Plate 3 descends to between the second and third flange, and the lobation on

the other side of the stem reaches to about the top of the second flange.

§ 508. The Pectinirhombs are all well developed, and all widened across the

suture, but not excessively.

Pectinirhomb 1-5 is almost lozenge-shaped, with a thick raised rim and 15 un-

covered folds; sutural axis, 3*2 mm.; transverse axis, 5 7 mm.
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§ 509. Pectinirhomb 10-14 (text-fig. 73) is approximately kite-shaped, with the

obtuse angle at its orad end, but is more extended on plate 14, so that it is actually

trapezoid. Sutural axis, 6'8 mm.; transverse axis, 8"3 mm. Length of suture 10
|
14,

10*2 mm.; the rhomb lies towards its orad end. In Grl42, sutural axis, 6"5 mm.;

transverse, 8 '2 mm,; suture-length, 9*8 mm.; the rhomb occupies about the middle

tract of the suture. Number of folds, ca. 28 in Gl71, ca. 25 in Grl42. In both

specimens, but more conspicuously in G142, the outer part of the pore-field on plate 14

was roofed by smooth stereom, slightly concave (PI. VI. figs. 69, 73).

§ 510. In this rhomb in Gl71 there is some appearance as though the folds of one

half passed between the folds of the other half, thinning out as they do so. I have

noticed the appearance in other cases, and, if my interpretation

be correct, it points to a compression of the rhomb along its

sutural axis in the course of racial or individual development.

Phylogenetic compression is already proved by other evidence
;

in this species, with its wide shoulder-angle, additional onto-

genetic compression, not a mere recapitulation, is inherently

probable (cf. P. Rugeri, § 455).

§ 511. Pectinirhomb 11-12 is trapezoidal, with a thick rounded

border extending far on plate 12. The rhomb lies in the middle

tract of the suture ; its proportions are best gathered from

text-fig. 79. There are about 16 folds, rather irregular, and on

plate 11 fanning out towards the suture,

§ 512. The Periproct is wide. Plate 12 tapers off below plates 17 and 23, barely

reaching plate 18, and plate 14 abuts on plates 18 and 19, Thus 12 is separated from

14 by the whole width of 18 (PI, VI, figs. 70, 72).

§ 513. The Periproctals over the greater part of the area are generally hexagonal,

with a diameter of about 1 mm.; but the vertical diameter is often slightly more than

the horizontal, and some may attain as much as 1*4 mm. Interspersed with these are

a few small plates of less regular shape. Near the margin the plates are smaller and

usually elongate (PI. VI. figs. 72, 74).

§ 514. The Vent lies in an almost quadrangular rectal lobe, plate 3 being bent

downwards nearly at a right angle ; it is close to the margin, and is surrounded by

about 9 plates, all tapering towards the opening, but those above larger than those

below (PI. VI. figs. 71, 74).

§ 515. The Ornament of the antanal face consists of strong radiate ridges, and a few

strong axial ridges both main and subsidiary. There are traces of concentric granulation.

§ 516. Of the Stem, part of the proximal region is preserved in the holotype, with

six prominent rounded flanges separated by wide interspaces. From the bottom of the

first flange to the bottom of the fourth, i.e. six columnals in all, is a distance of 6 mm.;

the maximum height of any one of these flanges is 1'3 mm. Diameter, ca. 5 mm.; the

rate of tapering is very slight.

Text-fig. 79.

—

Pleurocystis

quadrata. Pectiuirliomb

11-12, in the Holotype,

G171. X 5 diameters.

Cf. PI. VI. fig. 69.
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§517. Variations.—Specimens Grl74, Gl75, Gl90, and more doubtfully Gl92,

seem to agree with one another better than they do with Gl71 and Gl42. Not one

of them is well enough preserved to afford a complete comparison. Gl75 shows the

anal face of a theca with the proximal region of the stem. Gl74 shows either two

thecas, one lying over the other, or a single theca of which one side has been broken off

and turned over ; the main portion shows part of the antanal face on the left side, and

part of the anal face as viewed from within ; some proximal columnals are also seen.

G 190 comprises two individuals : (a) an imprint of the anal face
;
(b) the proximal third

of a theca, viewed from the antanal face. Gl92 is a small individual, with imprints of

the upper part of the anal face and central region of the antanal face, but it is doubt-

ful whether the two fragments really belong together.

§ 518. The points of difference from the holotype may be summarised as follows :

—

The absolute size is less ; the relative width and the shoulder-angle are greater : in

Gl75, width, 20 mm., height, 19 mm., ratio, r05 ; Gl74, height, 16'6mm. Shoulder-

angle in Gl75, circa 115°.

The anal lobe descends to top of third flange in Gl74, to below third flange in

G175, to fourth flange in Gl906.

The Pectinirhombs are not seen in Gl75 and Gl90a. They have much less

prominent borders and are rarely shown clearly. Rhomb 1-5 in Gl906 is almost

elliptical; sutural axis, ca. 2 mm.; transverse axis, ca. 4 mm.; number of folds

ca. 17. Rhomb 10-14 had at least 12 folds in G 174. Rhomb 11-12 had at least 10

folds in G175.

The Periproctals, in Gl74, Gl75, and Gl90a, have a diameter of "9 mm. and under.

On the rectal lobe, which is seen from the interior in Gl74, they are elongate and

attached to a projecting rim. In Gl92 they are very small, '3 to "4 mm., and it is

doubtful whether this specimen is rightly referred here.

The Ornament of the antanal face appears to be of the same character as in the

holotype, but is less prominent. In Gl92 (antanal fragment) it is, on the other hand,

coarse and nodular.

The chief differences, then, are the greater relative width and the smaller size of

the periproctals. If one could be quite sure that the pectinirhombs agreed throughout

in being of different outline and structure, one might well place all these specimens in

an independent species. But such differences as are clearly seen may possibly be due

to greater youth. Therefore I retain the specimens provisionally in F. quadrata (see

further § 550).

§ 519. Comparison with other Species.—The outline in the typical specimens

closely resembles that of P. gibha, but in that species both the upper rhombs are

elongate, whereas here they are widened. Further, the folds in P. quad^-ata are not

quite so fine and the borders of all the rhombs are not so sharp and steep. The

ornament is well marked in P. quadrata, but scarcely perceptible to the naked eye

in P. gihha. The general shape, the slightly larger periproctals, and the less narrowing
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of the upper rhombs seem to distinguish the species well enough from the other

British species in which rhomb 10-14 is widened.

Some of the doubtful specimens do not differ greatly from some specimens that

are referred to P. foriolus, and they may belong to that species,

Pleurocystis gihha n. sp.

(PI. VI. figs. 64-68. Text-fig. 71.)

§ 520. Diagnosis.—A Pleurocystis with markedly subquadrate theca, sharply bent

at the umbo of plate 12 ; shoulder-angle, ca. 95°; ratio, width : height, of theca, ca. '86
;

of plate 5, r09
;
plate 3 descends to below third flange. Pectinirhombs all present,

concave, with sharp, steep border; 1-5 square to rhomboid, widened, 15 to 20 folds;

10-14, approximately kite-shaped, about 50 folds, sutural axis : transverse axis

:: 100 : 80; 11-12 elongate, about 25 folds. Plate 12 separated from, or only just

touching, 14. Diameter of periproctals, ca. "5 mm,, a few possibly larger. Ornament

of antanal face, fine granules in concentric rows and forming fine, faint, rhomb-ridges

and broader, obscurer, radiate ridges. Stem proximally with bold flanges bearing

granules in vertical series.

§ 521. Locality.—Thraive Glen, Grirvan.

§ 522. Horizon.—The Starfish Bed in the Drummuck Group (§ 6).

§523. Material.—Gl72, holotype (PI. VI. figs. 66-68), a specimen preserving

the imprint of the antanal face, the internal cast yielding an imprint of the interior of

the antanal face, and an imprint of the anal face. G 177, paratype (PI. VI. figs. 64, 65),

imprint of the antanal face and of part of the anal face. Both specimens are in-

complete and have the plates shifted, but since they are obviously of the same species

they supplement each other.

§ 524. Description of Specimens.—The right side of the antanal face ascends

in an almost straight line parallel to the main axis, from the umbo of plate 7 to

the umbo of plate 12, and then bends sharply towards the oral pole. The left

side ascends in more curved line from plate 8 to plate 14, with the chord of the

curve parallel to the main axis ; it then curves round, without a very sharp bend,

towards the oral pole. Thus the general shape is quadrate. Owing to the sharp

bend on plate 12, giving the outline that hunch-backed appearance which has suggested

the name, the plates in that region are disturbed by pressure, especially in Gl72, and

the shoulder-angle is exaggerated; in estimating it at 95°, I have made considerable

allowance for that fact.

Thecal width in Gl72, 26 mm. ; height, 30 mm. ; ratio, '86. In Gl77, the corre-

sponding measurements are uncertain, but may be estimated as 22 mm., 26*5 mm., and

ratio -83.

§ 525. Plate 5 is irregularly hexagonal, being considerably extended to the left

;

its measurements in Gl72 are: width, ca, 12 mm.; height, 11 mm.; ratio, 1-09.
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§ 526. The rectal lobe descends in the holotype to below the third flange ; the lobe

on the other side to the top of the second flange. The rectal lobe is broadly rounded

and its whole outline is not very clearly seen, but its width at the level of the stem-

facet is fully 9 "5 mm., its length below the stem-facet is 4*4 mm. as measured on the

outer surface, and 6*8 mm. as measured on an imprint showing the inner surface of

the theca and of the stem-lumen. The former measurement is the one that serves for

comparison with other species, and the length may therefore be taken as not more

than half the width.

§ 527. The Pectinirhombs are all well developed, and all provided on their adcentral

sides with sharp borders, which rise in a steep concave curve from the relatively

smooth surface of the plates ; the outer borders are more gently rounded.

Pectinirliomb 1-5 in Gl72 is almost lozenge-shaped, with sutural axis, 3'8 mm.,

transverse axis, 5 "8 mm.; it has about 16 folds, which appear to be slightly closed by

stereom on plate 1. In Gl77, plate 1 is slightly shifted over plate 5, so that the

rhomb has acquired a trapezoidal outline approaching a square; it has 19 folds, more

clearly seen in plate 5.

§ 528. Pectinirliomb 10-14 (text-fig. 71) is approximately kite-shaped, having the

obtuse angle at its adoral end, and the larger half of the rhomb on plate 14. In

Gl72, sutural axis, 9*9 mm. ; transverse, 77 mm. ; in Gl77 the plates are shifted, but

the measurements seem to have been almost the same. There are about 50 folds, almost

entirely closed by stereom on plate 1 4. In both specimens this rhomb is nearer the

lower end of the suture.

§ 529. Pectinirhomb 11-12 is not preserved in the holotype, and is not clearly seen

in (t177 ; its long axis occupied more than half the suture in approximately its middle

tract, and about 25 folds can be counted.

The folds in all the rhombs appear regular, and do not exhibit intercalation or

fanning out (cf. §§ 455, 510).

§ 530. The Periproct is wide. In the holotype, plates 12 and 14 may perhaps

just have met by their extreme tips (PI. VI. fig. 68) ; in G177 they do not appear to

have met (PI. VI. fig. 64).

§ 531. The Periproctals are exceedingly obscure in Gl72, but it appears certain

that none exceeded '9 mm. in diameter. In Gl 77 their diameter is ca. '5 mm.; a

few may possibly have been a trifle larger, but others are smaller.

The Vent is not distinguishable.

§ 532. The Ornament of the antanal face consists of small granules with a

concentric arrangement, but also forming fine, faint, granular rhomb-ridges of which no

one is specially prominent. There are also broader, obscurer radiating ridges. The

whole ornament is very fine and equable, so that the surface appears almost smooth

to the naked eye.

§ 533. Of the Stem, three stout flanges are seen in the antanal face of the holotype,

occupying a length of 4*7 mm. ; with a diameter of 5 '7 mm. The proximal flange is
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about half the height of the others, but, to judge from the imprint showing the

interior, more proximal columnals stretched up under the basal circlet (cf. § 526).

S 534. Comparison with other Species.—From P. Rugeri, P. anglica, and

P. procera, this species is readily distinguished by the greater development of its

pectinirhombs and in particular by their elongation. In a lesser degree the same

characters serve still to distinguish it from P. quadrata, which approaches it in

general shape (see § 519). In the elongation of pectinirhomb 10-14 and in the

shoulder-angle P. gihha agrees with P. foriolus ; the periproctals also may have had

about the same diameter in the two species.

P. foriolus, however, has a very different appearance, owing to its more ovate

shape, without the sharp hump of P. gihha, and to its more marked anal lobe ; in it

pectinirhomb 11-12 is wide rather than elongate, and does not occupy so large a tract

of the suture ; the number of rhomb-folds is considerably less. Since the specimens

of P. gihha are larger than all those referred to P. foriolus, it is possible that the two

forms are merely different growth-stages of the same species, and that P. gihha stands

to P. foriolus in the same relation as the holotype and paratype of P. quadrata were

thought possibly to stand to the smaller specimens provisionally associated with them.

In the present case, however, this suggestion seems to me to be contradicted by the

more developed ornament and anal lobe of P. foriolus.

Pleurocystis foriolus n. sp.

(Plate VI. figs. 75-81. Text-figs. 74, 75, 80.)

§ 535. Diagnosis.—A Pleurocystis with subovate theca ; shoulder-angle, 90°-100°
;

ratio, width : height, of theca, ca. 1 ; of plate 5, ca. 1
;
plate 3 descends to third or fourth

flange, forming one side of a clearly marked rectal channel. Pectinirhombs all present,

concave, with sharp border ; 1-5 square to trapezoid, 10 to 12 folds ; 10-14, kite-shaped,

18 to 25 folds, sutural axis : transverse axis : : 100 : ca. 50 to 96 (?) ; 11-12, trapezoid,

tends to be widened, 10 to 11 folds. Plates 12 and 14 separated. Diameter of peri-

proctals usually "4 mm. ; occasionally a few may reach '9 mm. Ornament of antanal

face, granules in concentric rows, running into fine but well-marked rhombic and

radiate ridges, variable. Stem with granules in transverse rows and with some

tendency to a vertical arrangement.

§ 536. Locality.—Thraive Glen, Girvan.

§ 537. Horizon,—The Starfish Bed in the Drummuck Group (§ 6).

§538. Material.—G 189, taken as holotype (PI. VI. figs. 79-80), consists of

imprints of the anal and antanal faces with about 29 mm. of the stem. Gl35
(PI. VI. figs. 75, 76) is a somewhat similar specimen, less complete. G213 (PL VI.

figs. 77-78) yields both imprints, but is imperfect in the proximal region, and the

plates are shifted. Gl70 and G223 (PI. VI. fig. 81) may be described as internal casts

which give by squeezes an internal view of the antanal face, with traces of the anal
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face and its periproctals. The preceding may be regarded as paratypes. G216, an

imprint of the anal face, is referred here with doubt.

§ 539. Description of Specimens.—The theca is small, flattened, with subovate

outline. Thus, in the holotype the sides in the lower half diverge at an angle of about

30°, curve round, and then converge at about 90°. In Gr223 the shoulder-angle is

about 99°. The outline is, of course, interrupted by the anal lobe.

Thecal Height. Thecal Width.

G189 ca. ir>'7 mm. ca. 19'5 mm., from which at least 2*5 mm. should

be deducted for crushing.

G135 ca. 14 „ ca. 12-4 mm.
G213 ca. 15'5 ,, 12 mm. seen, but it was probably more.

G170 ca. 16-5 „ ca. 14-8 mm.
G223 21 „ ca. 20 mm.
G216 ca. 16-5 ,,

Thus the height is generally, but not always, slightly greater than the width.

§ 540. Plate 5 is hexagonal, but asymmetrical, stretching more to the left, though

not thinning out so much in that direction as it does in some other of the Girvan forms.

Its measurements are :

—

Height. Width.

G189
G135
G213
G223 '

6 4 mm.
5 „

ca. 46 ,,

ca. 8

6 mm.
5-2 „

ca. 4-9 „

8-7 „

§ 541. The rectal lobe is very clearly marked : first, by its relative length ; secondly,

by the sharp downward bending of plate 3 ; thirdly, by the elevation of its margins,

formed by plates 3 and 8, to constitute a channel with the vent at its extremity. Thus

the faecal stream was expelled relatively further and more forcibly away from the

intake than appears to have been the case in any other species, although most of the

British forms were well favoured in that respect. Hence the trivial name foriolus

("qui foria facile emittit"). In Gl89 (PI. VI. fig. 80) this lobe descends to below

flange 4, and the lobe on the other side only to the bottom of flange 1 ; the same

relation appears to have obtained in G223 (PI VI. fig. 81). In G 135 (PI. VI. figs.

75, 76) the rectal lobe reaches only to the top of flange 3. In G170, where it is very

conspicuous, the relations to the stem are not seen, but actual measurements are

:

width, ca. 5*4 mm. ; length, ca. 5 "5 mm. ; distance below stem-facet, ca. 4 "5 mm. In

G223 it has a width ca. 7 mm; length, ca. 5'5 mm.; distance below stem-facet,

ca. 5 mm. In Gl89, width, 6-9 mm.; length, ca. 5 mm.; distance below stem-

facet, 3 "6 mm. The length is measured from the level of the top of plate 3 on the
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anal face, along the axis of the lobe ; hence it is always greater than the distance

below the stem -facet, which is measured parallel to the stem. The difference is less

in such a species as this, where plate 3 is bent vertically downwards, than in a species

where the bend is less.

§ 542. The Pectinirhombs are all very well developed and provided with a raised

border, sharp on the adcentral side of the rhomb and rising in a concave curve from

the surface of the plates, more rounded on the other side of the rhomb.

Pectinirhomb 1-5 is almost square in Gl89 and G 135, but apparently more trapezoid

in G213. The number of folds seems to be about 10 in Gl89, and about 12 in the

two other specimens.

§ 543. Pectinirhomb 10-14 is almost regularly kite-shaped, the obtuse angle being

uppermost and the half of the rhomb on plate 14 being a trifle the larger.

In Gl89 (text-fig. 74) the sutural axis is 5 mm., the transverse 2*8 mm., the

number of folds about 25, those on plate 14 being partly covered by epistereom. In

Gl35 (text-fig. 75) the axes are 4*2 mm. x3 mm., the folds about

20, very slightly covered. In G213 the actual measurements are

5*5 ram. x 2'5 mm., but the latter has apparently been reduced by

some shifting of the plates, so that I estimate the ratio as "5 rather

than "45
; the number of folds is about 25, closed, if at all, only

near the outer angle. In Gl70 the measurements are approximately text-fig. so.- PZmro-

4-8 mm. x 4-6 mm., and the number of folds about 18 ; with so low cystis forioius. Pec
' ' timrhomb 11-12, m

a number of folds a greater relative width is only natural, but the specimen G223. x 5

apparent width is in this case increased through being observed on

the inner face of the rhomb where the folds always stretch further than they do

on the outer face. Therefore the ratio '96 is probably too high. The facts may
fairly be summarised by saying that in a normal form this rhomb has about

22 folds, a width about three-quarters of its length, and that it is placed near the

lower end of the suture.

§544. Pectinirhomb 11-12 (text-fig. 80) is trapezoidal, approaching square, but

slightly wider across the suture as a rule, has 10 or 11 folds, occupies less than one-

third of the suture, and is placed a little more than half-way down the suture. So

far as can be seen, the folds are regular and uncovered.

§545. The Periproct is wide. Plates 12 and 14 are widely separated in Gl89
and, apparently, in G213, but perhaps not quite so widely in G223.

§ 546. The Periproctals have a diameter of about "4 mm. in Gl89, not more than

4 mm. in G135, about '5 mm. in G213, about "65 in G216, and some attain as

much as 7 mm. in Gl70, and even "9 mm. in G223. Those on the rectal lobe do not

appear specially elongate.

The Vent is not clearly seen.

§ 547. The Ornament of the antanal face is most marked in G213 (PI. VI. fig. 77),

where the granules form fine but clear rhombic and radiate ridges ; the concentric
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arrangement of the granules is more pronounced in Gl89 (PI. VI. fig. 79), and the

ridges are fainter. The doublure on the anal face bears rather coarser granules, in

close-set ridges parallel to the border (PI. VI. fig. 76).

§ 548. Of the Stem some 29 mm. are preserved in the holotype (PL VI. fig. 79), and

lie in an almost straight line. At the proximal end the diameter is 37 mm. ; at 6 mm.

from the stem-facet the diameter is reduced to 2 mm., and within that space are eight

flanges. The intermediate columnals cannot be detected. In the ensuing distal region

the stem tapers gradually to a diameter of 1'25 mm. at the broken extremity. At the

same time the columnals increase in height, at first rapidly and then more slowly, till

the last complete one has a height of 3 "5 mm. In this region the first five columnals

show some trace of alternation and of distinction between flanged and intermediate

ossicles, but in the succeedino; seven no diff"erence can be observed.

§ 549. In the proximal region the granules on the flanges form distinct vertical

series. In the distal region the transverse banding of the granules over the whole

surface is more obvious, but the tendency to vertical seriation is at intervals intensified

by slight vertical folds.

§ 550. Comparison with other Species.—The relations of P. foriolus to P. gibha

have already been discussed (§ 534). It has also been stated that some specimens

doubtfully referred to P. quadrata might belong to this species (§ 519). When the

features can be seen, however, a distinction may be found in the shape of the pectini-

rhombs, their more clear-cut border in P. foriolus, and the minute periproctals of

this species.

Key to the Species of Pleurocystis.

§ 551. Owing to the insufficiency of our knowledge, the construction of a Key on

the usual dichotomous plan is not feasible. The following tabular statements will, how-

ever, be of some practical use in determination :

—

Plates

12 & 14.

Ehomb
10-14.

Rhomb
10-14.

Rhomb
11-12.

Rhomb
1-5.

Periproctals,

Average
Diameter.

Thecal

Outline.

elongate lanceolate elongate

lanceolate

elongate 2-7 mm. elongate

pyriform

filitexta

5) )j )> ))
1 broad

subovate

anticostensis

a
<

)> rhomboid elongate Avidened smaller than

filitexta

subquadrate elegans

be widened lozenge wide lozenge widened 1 mm. subquadrate squaiiiosa

4
)» sub-

triangular

wide sub-

triangular

? 1 " large
"

? exornata

>)
elliptical wide

elliptical

widened ? " minute "
subovate mercerensis
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Plates

12 & 14.

Rhomb
10-14.

Rhomb
10-14.

Rhomb
11-12.

Rhomb
1-5.

Periproctals,

Average
Diameter.

Thecal

Outline.

?
•5

elongate kite-shaped elongate widened,

square to

rhomboid

•5 mm. and
larger

quadrate

gibbous

gibha

so

)) >)
tends to be

widened

square to

trapezoid

•4 mm., a few
larger

subovate foriolvs

o

widened rhomboid
or trapezoid

widened,

trapezoid

widened,

trapezoid

1 mm. quadrate quadrata

>j
long

elliptical

widened,

long

elliptical

widened,

long

elliptical

1 mm. to

•3 mm.
elongate

trapezoid

anglica

O

c3

)i j» )>
absent "6 mm. to

"4 mm.
broad

trapezoid

Rugeri

J)
kite-shaped small

triangular
))

1

elongate

? triangular

procera

§ 552. The following tables bring out the relations of the ratios and the shoulder-

angle in those American and British species where the necessary measurements

are known :

—

American Species.

filitexta. squamosa. elegans. antieostensis. mercerensis.

Thecal ratio

Plate 5 „

Shoulder-angle

•7

•85

48°

•8

•9

75°

•83

9
60°

97
65°

•95

11
75°

British Species.

procera. anglica. gibha. quadrata. Rugeri. foriolus.

Thecal ratio .

Plate 5 „ .

Shoulder-angle

•78

•74

70°

81
115
90°

•86

ro9
95°

•9

1-09

100°

•95

1-3

90°

1

1

90°-100°

§ 553. Relations of the British Species of Pleurocystis to the American Species.

The differences between these two groups may thus be summarised :

—

In the British species the periproct is enlarged, and this is effected in four ways

—

First, it is relatively widened ; in other words, the doublure of the plates forming

the sides of the frame is narrower. The loss of strength that would result from

this is compensated by the ridges and folds of the surface. Let us compare the
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Theca. Pbriproct. Ratio

22-5 14-5 •64

20 15-1 •75

20-5 16-2 •79

15-5 12 •77

17-3 13-7 •79

25-5 20 •78

27 22-7 •84

23-5 20 •85

24 20-5 •85

This is expressed in the frame by

diameters of theca and periproct, measured in millimetres at the level of plates 6 and 9

in various species :

P.Jilitexta (Billings' figure)

P.Jilitexta (El 6046) .

P. squamosa (Billings' figure)

P. squamosa (E 16036)

P.foriolus .

P. gibha

P. anglica .

P. Rugeri ,

P. quadrata

Secondly, the periproct is extended adorally.

the separation of plates 12 and 14, which, if ever they meet, do so only by their

extreme points; as a rule they are wide apart, plate 12 abutting on 17 and 23, plate

14 on 19 and 18. This results in a weakness that is compensated with difficulty,

though an attempt to counteract it may perhaps be seen in the wider shoulder-angle

and the strengthening of its surface-folds. But even in the American fossils, where

plates 12 and 14 meet in the middle like the two sections of a cantilever arch, this is

seen to be the weakest part of the fossil, and the ends of those plates are often broken.

Much more is this the case in the British fossils, and in them it is rare for the

assemblage of plates covering the oesophagus on the anal face (viz. 23, 18, 24) to be

preserved in position.

Thirdly, the periproct is often stretched downwards to a considerable extent in the

rectal lobe, and sometimes, though to a less extent, in the corresponding lobe on the

other side of the stem.

Fourthly, there is an absolute widening of the periproct, due to the increased width

of the whole lower half of the theca, correlated with the greater width of plate 5, and

its extension towards the left or anal side, and with the increase of the shoulder-angle.

§ 554. This increase of periproctal area demands greater flexibility, and that is

provided for by a tendency to a smaller size of tlie periproctal plates. Roughly speak-

ing, those of the American species range from an average diameter of 2*7 mm. in

P.Jilitexta and allies to 1 mm. in P. squamosa and allies; those of the British species

range from an average of 1 mm. in P. quadrata to 'A in P.foriolus.

§ 555. There is also observed in the British species a tendency to a shortening or

widening of the pectinirhombs. In this respect the British species are not entirely

contrasted with the American, since the rhombs are widened in P. squamosa,

P. exornata, and P. m,erce7'ensis. In the British forms, however, the process has been

carried further ; even the elongate rhombs of P. gihha and P. foriolus are shorter in

relation to the suture than are those of P. Jilitexta ; and in such species as P. anglica,

P. Rugeri, and P. procera the widening and compression are extreme. In the two
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latter, moreover, the reduction of the pectinirhombs has been carried so far that rhomb

1-5 has entirely disappeared. Another fact indicating a decrease of function in the

pectinirhombs is their partial closing by epistereom, as in P. gibba.

^ 556. This obsolescence of the pectinirhombs may be compared with the dis-

appearance of certain rhombs and the disjunct structure of others in some species of

C/ieirocrinus. It is probably connected with the increased size and activities of the

cut ; and though the correlation with the reduction in size of periproctals is not exact,

it is at least suggestive that the longest and best developed pectinirhombs occur in the

species with the smallest periproct and largest periproctals, viz, P. jilitexta. As to

what those activities of the gut were, we can but speculate. One assumes that the

pectinirhombs were for the purpose of aeration or respiration. If they decreased, that

function would be thrown on some other organs. The arms, so far as one can see,

retain the same character throughout the genus, and at no time can they have rendered

much aid in this respect. Thus one concludes that the function was taken over by the

gut and effected per anum.

§ 557. The question still remains : did the decrease of the pectinirhombs indirectly

cause the increase of the gut ; or did the increased size and activity of the gut directly

cause the decrease of the pectinirhombs by pressure on their inner surfaces ? Con-

sideration of the peculiar distribution of the pectinirhombs in the earlier Glyptocystidea

led mc, it may be remembered, to the view that their absence along certain tracts was

due to the pressure of the gut-coils on the inner wall of those tracts. Following up

this idea, I supposed at first that the atrophy of the pectinirhombs was due directly to

the hypertrophy of the gut. But this conclusion is opposed by the fact that the

rhomb-folds are, so far as one can see, better developed on the inner face than on the

outer, and especially by the closing of the folds in some cases on their outer face.

Clearly, then, the increase of the gut was not the cause in this case, whatever it may
have effected at an early stage of the phylogeny. The answer, then, is that the decrease

of the rhombs caused the increase of the gut.

§ 558. To use the word " cause " is perhaps to outstrip our evidence. In any case

the supposed action was indirect ; but there is also the possibility that both phenomena

were the independent result of some other cause. It is easy enough to explain an

increase in the size of the gut ; for explanations, whether right or wrong, abound. But

it is not so easy to see why such highly-developed structures as pectinirhombs should

ever have been diminished in size, still less why any should have utterly vanished.

Some modification of their outline was doubtless due to the change in shape of the

theca, but that was never enough to account for the extremes of P. Rugeri and

P. procera. We must look, therefore, for some external cause. Respiratory organs of

this kind would be hindered in their work by any foreign body covering or clogging

the slits. Was there any difference in conditions that would lead us to suppose any

such foreign body in the case of the British species and not of the American ? Certainly

there was, and a great difference. The American fossils are all preserved in their
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original stereom : they lived in a sea where limestone was forming, and they were

killed off from time to time by deposits of mud. The British fossils are only imprints

in coarse sandstone : they lived and died with hundreds of other organisms in water con-

stantly exposed to sand-bearing currents. We need look no further for a foreign body :

the sand is enough. To protect these delicate organs against the bombardment of

sand-grains, bulwarks were raised higher and coverings thrown across the fields most

exposed ; or if that did not serve, the fields were narrowed and the folds extended into

more sheltered regions. In vain. The lower rhomb disappeared ; the one to the right

is seen on the point of vanishing. And may we not suppose that both the upper

rhombs went at last, and that the descendants of the genus, if they survived at all,

must have assumed a new form and habits of life unknown to their Canadian ancestors ?

C. GENERAL CONCLUSIONS.

I. Distribution.

§ 559. The Cystid fauna is no less interesting than the faunas of the Starfish Bed

previously investigated. By what it excludes, quite as much as by what it includes, is

this fauna peculiar. The whole Order Diploporita and all the commoner forms of the

Rhombifera, such as Echinosphaera and Heliocrinus, are entirely absent, though

abundant in the Rhiwlas and Sholeshook Limestones and known also from those of

Keisley and the Chair of Kildare. Diploporita, such as Sphaeronis, are also common

in certain parts of the Leptaena Kalk, while in the Lyckholm beds occur species of the

Rhombifera, Hemicosmites and Glaphyrocystis, and it is especially in the Upper Lyck-

holm that such appear to be found, though the published evidence on this point is not

precise. One is tempted, then, by the easy generalisation that the contrast is between

a sand-loving fauna and a limestone or reef-dwelling fauna. It must, however, be

remembered that from the probably contemporaneous " Schistes quartzeux " (SI Ic) of

Sambre-et-Meuse, Belgium, Prof. Malaise (1900, p. 205) has recorded specimens which

I suppose to be of Heliocrinus and Echinosphaera ; and that, on the other hand,

Pleurocystis and Cheii'ocrinus are relatively common in the Trenton Limestone. It is

therefore probable that other conditions besides mere sandiness affected the composition

of the fauna in the Starfish Bed. None the less, the view that the Cystids of the Star-

fish Bed were adapted for life on a sandy shore is confirmed by the other main con-

stituents of the Echinoderm fauna—the sandstars, starfish, and Edrioasteroids. To the

particular nature of the adaptation we shall return ; for the present I merely wish to

suggest that the selection of the fauna was due in the main to the physical conditions.

§ 560. Concerning the Cystidea that do occur in the Starfish Bed, one may repeat

the remarks made by Mr Cowper Reed concerning the whole of the Girvan trilobite

fauna (1906, pp. 173 et sqq.). " Firstly, there is the occurrence of" a peculiar genus

"known at present from no other region," viz. Cothurnocystis. "Secondly," a
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genus, Dendrocystis, is " not found elsewhere in the British Isles, though occurring in

other parts of the world." " Thirdly, there are . . . generic constituents which, though

not unknown from other Lower Palaeozoic regions in the British Isles, are decidedly

uncommon and rare; such are" Pleuvocystis and Cheirocrinus. "We may further

note the unusual stratigraphical horizon " of Dendrocystis, previously, if our correlations

are correct, unknown above the base of the Caradocian. " The occurrence of some

forms identical with foreign and not British species " is paralleled by Cheirocrinus

interruptus, " while others are less allied to members of English [British] Palaeozoic

faunas than to members of continental faunas." The adaptation of Mr Reed's remarks

might be continued, but enough has been said to show that, however peculiar this

Cystid fauna may be, its peculiarities are shared by the Girvan fauna as a whole.

§ 561. To come to details. Dendrocystis has hitherto been recorded only from

Bohemia and Russia (§§ 41-43). Now the oldest species is reported from the

Tremadocian of Herault (§ 43). Then follows D. Barrandei from the base of the

Llandeilian (d2) in Bohemia. The genus is next found in the Baltic provinces,

and again at the base of the Caradocian (d3, d4) in Bohemia. The route of migra-

tion to Scotland was probably not through Russia, for D. rossica presents peculiar

characters, and D. scotica is far nearer the Bohemian species ; indeed, it resembles the

older D. Barrandei almost more than it does D. Sedgwicki, but this is partly due to

the mode of preservation.

§ 562. Meanwhile Dendrocystis had probably found its way to Canada, where

D. C?) paradoxica occurs in the Trenton Limestone (§§ 42, 155) ; and it is also interest-

ing to note that the allied genus Rhipidocystis may have a North American representa-

tive in the fossil called Platycystis Faheri (§ 37). These facts, however, are not enough

to prove any direct connection between North America and the Baltic.

§ 563. Cothurnocystis (§ 161), being not merely a new genus, but presenting a plan

of structure hitherto unimagined among Echinoderms, might be thought to have no

bearing on these questions. I have, however, attempted to prove that its nearest allies

are Ceratocystis and Trochocystis (§§ 245-260), of which the former is as yet known only

from Bohemia, and the latter only from Bohemia and SW. Europe, in all cases so long

before as the Middle Cambrian.

§ 564. Turning to Cheirocrinus, we find quite other connections. It is true that

the genus has previously been recorded from Great Britain (§ 309), but the evidence, so

far as I can ascertain, has always been in the form of scattered plates not specifically

determinable. These appear to be generally of Llandeilian age. Plates, probably of

this genus, also occur in the Balclatchie Group of Girvan (§ 4), which has been con-

sidered Llandeilian but is now transferred to the Caradocian. I find no record of the

genus in rocks of Ashgillian age here or elsewhere.

It follows that the Cheirocrinus of the Starfish Bed might conceivably have been

descended from Scottish, or at least British, ancestors. Or if not, the genus was

so widely spread that representatives might have wandered into Girvan from any
TRANS. ROY. SOC. EDIN., VOL. XLIX. PART II. (NO. 6). 65
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convenient locality. But when the species are examined more closely we find, first, the

peculiar C. interruptus (§ 336), hitherto known only from somewhere in Baltic Russia

;

secondly, C. constrictus (§ 310), which seems not unlike the C. alter of Bohemia—

a

species that is only a little older, but which also is more nearly allied to certain Baltic

species than to any from other parts of the world.

§ 565. Entirely difi'erent are the relations of Pleurocystis (§§ 348, 390). Outside

Britain the genus is known only from the Ordovician of North America. The sandy

Ashgillian beds of Girvan, Wales, and Ireland furnish a group of species which have

attained a slightly more advanced stage of development. The correlation of these beds

with those of America is not easy. Though Pleurocystis and Cheirocrinus are

abundant in the Trenton Limestone, and though Mr W. K. Spencer tells me that he

recognises at least one Trenton form in the Asteroidea of the Starfish Bed, still there

can be no doubt as to the older age of the whole Trenton Group. Pleurocystis also

occurs in the Cincinnatian, which is generally taken to correspond with the Caradocian.

Dr R. S. Bassler, however, to whose discussion of the subject, based mainly on the

Bryozoa (1911), I am much indebted, places the upper part of the Lyckholm Limestone

in Richmondian time, which, with E. 0. Ulrich (1911), he refers to the Silurian. Prof

C. ScHUCHERT (1910) makes an independent period, the Cincinnatic, in which he includes

the Richmondian, but states (p. 532) that " on Anticosti . . . through 1134 feet of lime-

stones may be traced the gradual transition of the life of the highest Richmondian into that

of the earliest Siluric." It seems probable, then, that a large part of the Richmondian

corresponds to our Ashgillian. The correlation of isolated formations deposited during

a period of considerable shore-movement, such as characterised the close of the

Ordovician, must always be subject to uncertainty ; but, on the whole, we may conclude

that the earliest British Pleurocystis is a little younger than the youngest American

§ 566. The Cystidea of the Starfish Bed tell us, then, that we have to account for

immigration from Bohemia on the one side and from Canada on the other, while we

must not exclude some connection with the north-eastern Baltic. Further, since the

species appear to have aff"ected a littoral, and probably even an arenaceous, habitat, the

connection must have been by way of a shore-line. This conclusion happily harmonises

.with the views held by those who have discussed these questions on a basis of wider

knowledge. " Conditions favoring littoral migration between England and the Gulf of

Saint Lawrence are indicated," says Ulrich (1911, p. 484), "rather commonly during

the Ordovician and Silurian. . . . The assumed land connection which made these

migrations possible served to separate the middle Atlantic fauna from the Arctic fauna

in the North Atlantic basin." In this connection it is interesting to learn that the

" Saint Clair limestone of northern Arkansas and eastern Oklahoma "—a pure crystalline

limestone of very early Silurian age—contains "a number of species that are closely

allied to Baltic, British, and Bohemian types" (Ulrich, 1911, p. 486). It is believed

that at the close of the Ordovician and in Silurian time, " Labrador, Greenland, and

Scandinavia were in a measure joined into one great land area, though perhaps with its



CARADOCIAN CYSTIDEA FROM GIRVAN. 497

continuity broken, with a sea-shelf lying to the north of it and another to the south
"

(Weller, 1898, p. 702 ; and compare the maps of Schuchert, 1910).

I
567. Turning more particularly to Scotland, we read that " the sequence of

Caradoc rocks in the Girvan region points to the existence of an extensive land-surface

to the north of the Silurian [Ordovician] sea. The strata represent shore-deposits

which were accumulated on a gradually subsiding area. But here, as elsewhere,

the close of this period is marked by a great change in the life-history of the

system" (Peach and Horne, 1899, p. 55). Similarly in the Northern Belt "the

transport of coarse terrigenous material from the north-west extends further south

with each successive period" (p. 53). So also, " while oceanic conditions of deposition

[still] prevailed over a large part of the Central Belt in Llandovery time, the coarse

terrigenous materials were carried further south, till in Tarannon time they overspread

the sea-floor of the whole central region" (p. 56). Later conclusions, explanatory of

the physical changes that facilitated the immigration from America, are summarised in

the final paragraph of Dr Peach's address to the Geological Section of the British

Association (1912), delivered after the manuscript of this memoir had been completed.

§ 568. The route to Canada is made clear to us by the preceding observations.

That to the Baltic was probably somewhat sinuous and liable to interruption. That to

Bohemia is less clearly defined, and probably was not continuous for more than a short

period ; the evidence of the trilobites shows that it existed during the deposition of

the preceding Whitehouse Group, possibly to a slight extent even earlier, but that the

connection then ceased suddenly. It is natural to suppose that the trilobites migrated

more rapidly than the stalked Echinoderms, and that the latter underwent more change

on the way ; therefore it is not necessary to imagine a continuous shore-line from

Girvan to Bohemia while the Drummuck Group was forming.

In brief, then, we seem to have alighted on a highway skirting the Atlantic Basin,

along which forms are slowly migrating from east to west and from west to east, and

meeting on the way, and being modified as they pass.

II. Anatomy.

The following is a brief summary :

—

Heterostelea.

§ 569. Rhipidocystis. Details are added to the very brief description by Jaekel

(§§ 34-36).

§ 570. Dendrocystis. The theca is shown to have a more definite form than previ-

ously recognised, tending to a reversed heart shape (§ 45). The discovery of undoubted

anal structures in D. scotica permits the orientation of the theca (§§ 73, 141). Modifi-

cations of the thecal plates near the attachment of the stem and brachiole respectively

are described (§§ 59-61). The structure of the thecal stereora is now first noted (§ 53).

A more complete account of the appendage confirms its brachiolar nature (§ 63). The
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evidence for other openings in the theca is discussed and rejected (§ 76). The stern

is accurately described and its distal extremity made known (§§ 81, 122).

§ 571. Cothurnocystis introduces an entirely novel plan of Echinoderm structure,

and, as such, receives detailed description (§§ 160-260). Here it will be enough to

mention the existence of fifteen or more separate openings into the gullet. Each of

these may be regarded as a mouth ; they are not comparable to the numerous arm-

passages in Camerate Crinoids, all of which lead to a single subtegminal mouth.

§ 572. Trochocystis. The relations of the intake and vent are discussed and my

previous account corrected ; the supposed anal process proves to be the hypostome of

a Paradoxides (§§ 246-252).

§ 573. Ceratocystis. Details are added to the previous description ; the resem-

blances to Cothurnocystis are thus made apparent, and a fresh interpretation of the

internal anatomy necessitated (§§ 255-258).

Rhombifera.

§ 574. Cheirocrinus. An analysis of the theca based on C. constyictus enables the

plates, especially in the upper circlets, to be homologised with greater accuracy and

confidence (§§ 293-296). The same species also affords valuable evidence as to the

structure of the tegmen and the relations of the subvective grooves (§§ 323-326). The

distribution of the pectinirhombs is discussed in the light of recent evidence, and the

absence of pectinirhomb 1-6 from C. constrictus is noted as peculiar (§§ 298-300).

The structure of the stem is discussed (§§ 304-306), and it is concluded that the roots

described by Jaekel do not belong to this genus.

§ 575. Pleurocystis. The homologies of the thecal plates are expounded, certain

corrections are made in previous accounts (§§ 366-369), plate 13 is admitted to be

absent and its fate discussed (§§ 370-372), an attempt is made to elucidate the com-

position of the tegmen and the orientation of the brachioles (§§ 373, 374). The

number, relations, and shape of the pectinirhombs are considered, and the reduction

or suppression of pectinirhomb 1-5 in some of the British species is now first noted

{§§ 375-378). The enlargement of the periproct in the British species is described,

and estimates as to the number of periproctals are corrected (§§ 380, 381). The

downward extension of a rectal lobe, which is a conspicuous feature in some of

these species, leads to a brief discussion of Jaekel's views as to the coil of the gut,

and its relations to the parietal septum (§§ 382-384). The structure of the stem is

described from fresh evidence (§§ 385-389).

in. Taxonomy.

The following is a brief summary :

—

§ 576. The Order Amphoridea is retained provisionally (§ 13).

The Class Carpoidea of Jaekel is rejected (§ 16), but its Order Heterostelea is

retained and rediagnosed as a Suborder of Amphoridea, with the Families : Dendro-
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cystidae, Rhipidocystidae ?, Ceratocystidae, Cothurnocystidae, Trochocystidae, and

ADomalocystidae (§§ 18-32).

The Family Dendrocystidae is rediagnosed (§ 38), In the genus Dendrocystis,

the genotype D. Sedgwicki Barr. is restricted and redescribed (§ 108) ; the specimens

from Trubsko, d2, previously included in it, are separated as a new species, D. Bar-

randei (§ 89) ; D. scotica is a new species from Girvan (§ 127) ; D. rossica Jaekel is

partly described (§ 150); and Syringocrinus paradoxica Billings is referred, with

very slight hesitation, to this genus (§§ 42, 155).

The genus Rhipidocystis is briefly discussed, and thought to be synonymous with

Platycystites S. A. Miller. The need for a Family Rhipidocystidae is questioned

(§§ 34-37).

The new Family Cothurnocystidae (§ 160) is established for the reception of the

new genus Cothurnocystis (§ 161), with its two species from Girvan, C. Elizas (§ 170)

and C. curvata (§ 208), of which the former is the genotype.

§ 577. The Order Rhombifera is discussed and its content compared with that of

Jaekel's Order Dichoporita (§§ 261-264). Any attempt to split up the Rhombifera

into Suborders, such as Jaekel's Regularia and Irregularia, is dismissed as impractic-

able for the present (§§ 265, 266). The relationship of the genera formerly placed by

me in the Glyptocystidae and by Jaekel in the Regularia is, however, recognised by

assembling them in a Superfamily Glyptocystidea (§§ 267-282). This comprises the

Families Echinoencrinidae, Callocystidae, and Cheirocrinidae. A complete list of their

contained genera is given (§ 281).

The Family Cheirocrinidae is diagnosed (§ 283), and taken to include Cheirocrinus

(? Homocystis), Glyptocystis, Pleurocystis, and Cystoblastus. The establishment of

a Subfamily for each of these may be logically correct, but meets no practical need

(§ 285).

The genus Cheirocrinus receives a fresh diagnosis (§ 287), and the history of opinion

concerning it is summarised (§ 289). A list of species is given (§ 307). The species

found in Girvan are C. constrictus n. sp. (§ 310) and C interrwptus Jaekel (§ 336).

The treatment of Pleurocystis only comes short of being monographic because the

time allowed me for the completion of this memoir was not enough to enable me to

study the actual type-specimens of the American species. The genus is diagnosed

(§ 349), its genotype is held to be P. squamosa (§ 350), and the history of opinion as

to its systematic position is summarised (§ 351), A redescription of the genus (§ 366)

forms a basis for an appreciation of the diagnostic characters of the species (§ 394).

The American species are then revised and rediagnosed, viz. P. squamosa Bill.

(§ 403) et var. rohusta Bill. (§ 408), P. Jilitexta Bill. (§ 414), P. elegans Bill. (§ 420),

P. exornata Bill. (§ 426), P. anticostensis Bill. (§ 432), and P. mercerensis Miller &
Gurley (§ 438). The British species are diagnosed and fully described; they are:

P. Rugeri Salter from Wales (§ 444), P. anglica Jaekel from Tyrone (§ 464), and the

following new species from Girvan, P. procera (§ 486), P. quadrata (§ 501), P. gibha
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(§ 520), and P. foriolus (§ 535). A key to the species (§ 551) is followed by a com-

parison of the British with the American species (§ 553).

IV. Morphology and Bionomics.

§ 578. I place these two subjects under one head because any separation of them

would involve considerable repetition. Or, quite simply, because I do not think

they ought to be separated. The attempt to discuss fossils, or for the matter of that,

recent organisms, as anything but living beings is foredoomed to sterility, or to fruitful-

ness only of error. Since, however, the essential quality of a living being is response

to environment, any discussion that omits the action and reaction between the outer

world and the structure of the individual may be good anatomy on the one hand or

good natural history on the other, but falls short of even an attempted morphology.

§ 579. In the forms before us, forms by no means intimately related but falling

into two distinct Orders, the most obvious feature is a modification to accord with a

similar mode of life. And it is important to recognise that this is only a modification

—a change imposed by some outer necessity of the present on diverse anatomies

inherited from distinct pasts ; for the resemblances produced are so great, that

similarly modified representatives of these two groups have ere now been placed in a.

single Family. Briefly expressed, the modification is a change, from the normal erect

habit of a typical Pelmatozoon, attached to the sea-fioor by its stem and spreading

out its ciliated grooves for the collection of food more or less equally on all sides, to

a partially eleutherozoic or free-moving habit and a prostrate attitude, accompanied

by a superinduced bilateral symmetry and a flattened form parallel with the sea-floor,

having the food-intake at one end of the body, and the vent at the opposite end,

§ 580. It is not maintained that this modification was due merely to the conditions

in the Starfish Bed. That idea would be opposed to the evidence of the fossils

themselves, since in each Order the forms found represent an earlier and a later stage

of the modification : Dendrocystis and Cheirocrinus the earlier, Cothurnocystis and

Pleurocystis the later. But, apart from that, we know the ancestors, and sometimes

the very near relatives, of these forms in the previously deposited rocks of other

countries. The Starfish Bed to a large extent merely perpetuated conditions that had

existed elsewhere, and thus prolonged the reign of creatures already adapted to such

conditions. The modification is, however, not merely preserved ; it is, in most of the

cases, intensified. Those who believe in orthogenesis, bathmic force, or whatever other

name they may give to the evolutionary application of the first law of motion, will

consider this intensification as the natural consequence of later geological age. While

they may be quite right, they cannot obtain any proof from the facts of this case. It

seems clear that the littoral conditions of the Starfish Bed, as of the approximately con-

temporaneous sandstones in Tyrone and South Wales, were particularly well suited

to these eleutherozoic cystids, and that the sandy waters evoked further responsive
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change, e.g. the partly covered or partly suppressed pectinirhombs of Pleurocystis.

In every detail of the anatomy we can detect a purposeful adaptation ; of none can

we assert that it is a blind exaggeration of tendencies previously set agoing ; concern-

ing all the observed changes, we can deny that they were the expression of a process

opposed to the environment. It were only the consideration of these creatures as

mere petrifactions, and not as organisms correlated with external nature, that could

use them in proof of a hopeless predestination.

To lay due stress on the influence of the present is not, of course, to deny the

momentum obtained from the past, or the possible conflict of the future. To-day

cannot obliterate yesterday, nor does it always make the most serviceable preparation

for the morrow. Let us consider the Girvan fossils more closely in illustration of

these well-worn truths.

§ 581. Turning first to the Heterostelea—to Dendrocystis, Ceratocystis, Cothurno-

cystis, Trochocystis, and their allies, and examining them in the light of the fresh

information herewith submitted, we recognise that they constitute a group in which

the assumption of an altered relation to the environment, in respect mainly to gravity,

gradually modifies those ancestral characters that were originally assumed in accord-

ance with the normal pelmatozoic mode of life. But this change never succeeds in

aff"ecting the fundamental constitution of the animal. Thus the trend and the amount

of modification can more readily be distinguished, and only need to be interpreted in

harmony with the habitual facts of Echinoderm physiology. We find, for instance,

the openings of the alimentary canal, whenever they can be identified, interrupting

the bilaterality, and thus aff"ording a clue to ancestral structure. On the other hand,

their positions are governed by a few obvious principles (§§ 231, 232), and these can

readily be applied even to so specialised a form as Cothurnocystis. In that genus,

for example, examination of all possibilities soon makes it clear that the situation of

the openings is consistent with only one relation in respect to gravity (§ 234) ; and

this being once admitted, all the other peculiarities of Cothurnocystis, and they are

many, receive a ready explanation.

§ 582. It is not so easy to understand all the peculiarities of Dendrocystis. Let

us begin by examining the relation to gravity. " If we consider the growth of any

body with reference to its fixed hereditary form and also to its relations to gravity,

we find," writes A. Hyatt (1881), "that efi'ort must necessarily be in six directions."

These are grouped in three pairs : (1) vertical, a, up, against gravitation, and h, down,

with gravitation
; (2) lateral, a, to the right, h, to the left, for equilibrium

; (3) axial,

or in the direction of locomotion, a, forward, h, backward. If, now, we imagine some
form like Dendrocystis as erect on a vertical stem, we shall see that the lateral

extension bears no relation to gravity : it is meaningless. If, however, we imagine

such a form to have fallen over on its side, we readily interpret this bilateral spreading

in the horizontal plane as an eff"ort on the part of the animal to recover that symmetrical

relation with respect to gravity which has been lost by its new position. Such a mode
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of growth is termed by Hyatt "geomalic" (1881, p. 541). Geomalic growth may of

course occur without symmetry. When symmetry is as obvious as in Dendrocystis,

we recognise in it the simplest means of attaining equilibrium. But other circum-

stances may render some amount of asymmetry more conducive to the same end, as

in a catamaran, a motor-bicycle with a side-car, or a Cothurnocystis.

§ 583. Before inquiring why Dendrocystis fell over on its side, or what it was

doing in that position, we must carry the analysis further. There is, combined with

the bilateral geomalic growth, an extension which, though bilateral, is in a sense

axial. I refer to the brachial and antibrachial processes at one end, to the anal and

antanal lobes at the other end. In these cases the fundamental structures are the

brachiole and the anal lobe, the intake and the vent ; these existed first, and we trace

the gradual evolution of the antibrachial process and the antanal lobe as mere

attempts to restore balance, ultimately attained in some individuals of D. scotica.

What, then, has brought about the positions of the intake and vent ? In the normal

pelmatozoic position, both openings would have been near the upper pole. In the

prone position two principles may have operated. Assuming that this position was

connected with locomotion, the intake would naturally be at the forward end and the

vent would gradually shift to the rear. But even without locomotion, there would

come into play the natural wholesome tendency to emit the excrement as far from the

food as possible ; and this would have the same effect. I incline to the opinion that

the latter principle was the effective one in this case. Had the brachiole persisted at

all with locomotion, it would be likely to have assumed a median axial position ; the

antibrachial process would have been an obstruction to progress, and would not have

been developed. The vent also might have become more axial. Dr Kirk (1911,

p. 18) believes that the brachiole "doubtless served in the propulsion of the animal."

I am at a loss to understand the possible mechanism ; but assuming the possibility,

for the sake of argument, the result of either a pull or a push would be mainly to

turn the animal round.

§ 584. The dimerism of the stem of Dendrocystis, as of all the Heterostelea,

appears to be a modification of that polymerism which is found in most of the early

Pelmatozoa, and is, in those of more normal habit, usually fixed in the form of penta-

merism. The substitution of dimerism, bilaterally symmetrical in the same sense as

the theca, indicates a corresponding change in the relation to gravity. The structure

of the proximal region implies considerable flexibility, and the absence of dimerism in

this region shows that movement could take place in any direction. The stem was not

fixed by any root ; but its considerable length, which increases rather than diminishes

in proportion to the size of the theca, indicates that it retained its function of attach-

ment, possibly, as Dr Kirk suggests, "through the looping of its distal portion about

some stationary object," though I see no sign of any such curvature.

§ 585. I picture to myself the tapering end of the stem inserted into either the

sand of the sea-floor or some crevice aff"orded by another organism ; and the flatter
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part of the stem stretching out at a low angle, and bearing at its end the theca, which

floated horizontally in the water, probably at no great distance from the bottom.

Under the influence of gentle currents, or in harmony with the efflux and influx of its

own anal stream, the theca swayed from side to side, hinged on the flexible region of

the stem, or from time to time rose and fell under the influence of a deeper wave than

ordinary. The outstretched arm, balanced by the antibrachial process, opened its

cover-plates and extruded its sensory podia, which, it may be, aided the ciliary

current of its groove. In this floating position, one face remained always uppermost,

and this face was a trifle more convex than the other, and was sometimes strengthened

by a faint folding of its plates. A slight amount of rigidity might also be given

by the thickening of some marginals on the outer edges of the lobes ; but this was

only just enough to stay the broad extensions and to prevent aimless flapping.

Thus the creature lived a peaceful life, leaving its anchorage only under the com-

pulsion of some storm that lifted it from the bottom or tore up the sea-weed in which

it was wedged.

§ 586. If this picture be a true one, and I do not think it can be far out, then it

leads us to look at Rhipidocystis in a new light. This genus appears to be essentially

a Dendrocystid that has developed appendages at the sides of its stem. These, which

presumably have arisen in the same way as the cirri of more normally constituted

Pelmatozoa, are, in the middle region of the stem, like flattened pods, but near the

distal end are large, thin-walled sacks. . Dr Jaekel justly compares the latter to the

spheroidal, partitioned, hollow root of Scyphocrinus, but suggests, quite unnecessarily,

that the former may have borne the gonads. After seeing these curious structures,

I have no doubt but that Rhipidocystis, " like little wanton boys that swim on

bladders," floated in the water, supported by its swollen root-sacks ; not however

hanging vertically down from them, but kept in a more or less horizontal position

by the flattened paddles, as one might almost call them, of the main stem. The theca

swung more freely in the water than did that of Dendrocystis, and was therefore far

less flattened.

§ 587. If the reader will kindly turn back to the account of the laterally keeled

columnals of Dendrocystis rossica (§ 1 54), he will find the details, previously so

unentertaining, now eloquent of the transition from the simpler stem of the Bohemian

species to the elaborate buoys of Rhipidocystis. Not that D. rossica itself was a link,

for it occurs at a higher level than at any rate the earlier species of Rhipidocystis [; but

the much older Dendrocystis from Herault also seems to have had side -vanes on some

of its columnals. June 1913].

§ 588. Having now attained a clear idea of the modifications in Dendrocystis, let

us try to ascertain what sort of a creature it was that became modified. In considering

the brachial appendage (§ 72), I have given reasons for supposing that this did not

exist in the normal pelmatozoic ancestor. That ancestor would naturally have had at

least three, probably five, and possibly more brachioles, or else none at all. If it had
TRANS. ROY. SOC. EDIN., VOL. XLIX. PART II. (NO. 6). 66
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any, their reduction to less than two is inexplicable. One concludes, therefore, that it

had none. On the other hand, one would expect to find its intake raised on some

rudimentary extension of the theca, such as might afford a starting-point for the

subsequent outgrowth. An extension of this kind is seen in the slightly older

Piracystis and in Deutocystis, a contemporary of the Bohemian Dendrocystis.

§ 589. Increased knowledge of the stem in Dendrocystis has not weakened my
conviction that this organ was evolved as an outgrowth from an irregularly plated

theca. The preceding stage is seen in the Cambrian Cigara (§ 87). Indications of

what yet earlier stages may have been are still afforded by such Ordovician genera as

Aristocystis and Pii^ocystis, but even more conspicuously by Pilocystites primitius

Barrande (1887, p. 185, pL 2, f. 26) also from the Cambrian (Paradoxidian) of

Ginetz (Bather, 1896, p. 297).

Other modifications that have to be discounted in this search for a forefather are

the geomalic extension of the theca and the migration of the vent.

§ 590. Thus the ancestor of Dendrocystis gradually emerges from Cambrian or

Precambrian darkness, with an ovoid theca of small irregular plates, stretched out

below for attachment to the sea-floor or some fixed object ; with the intake at the

other pole, raised a little above the general surface, so as to clear the adjacent vent,

and surrounded with uncalcified tentacles having sensory, and probably subvective,

functions. There were no special organs of respiration, but the anus was doubtless

" contrived a double debt to pay." As for hydropore and gonopore, they may yet be

discovered in the Heterostelea ; meanwhile we can say nothing.

§ 591. The second representative of the Heterostelea found in Girvan, namely,

Cothurnocystis, shows the geomalic tendency very strongly developed ; but in this

case there is no accompanying tendency to bilateral symmetry or to axial growth,

because other forces have intervened. The argument by which the peculiar shape and

structure of this animal is shown to be in strict relation to its mode of life need not

be recapitulated (§§ 223-244). Put briefly, we may look on Cothurnocystis as a

Pelmatozoon that has relinquished the normal pelmatozoic habit, but instead of merely

modifying it, as in the case of Dendrocystis, or adopting an eleutherozoic existence,

has worked out for itself an original and novel kind of statozoic life. The stem may

or may not have been the balancer and rudder that I suppose ; at any rate, it is no

longer an organ of attachment. The theca is fixed, though not immovably, by its side,

that is to say, by the under-face of the extension-plane. The intake does not remain

at or near the a-columnal pole, but has moved on to the upper face of the extension-

plane. Thus, relatively to gravity, the attachment and the intake are precisely as m
a normal Pelmatozoon ; but, morphologically, they are quite different. In harmony with

the sanitary principle, the vent is as far removed from the intake as the structure of

the animal permits ; but in this case it appears to be the intake that has shifted its

position, while the vent has maintained the a-columnal situation which it occupied in

the immediate ancestors, as well as in the primitive pelmatozoic ancestor. Such a
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reversal of the usual process is consistent with the dominance of the vent and its

activities over the whole life and form of this animal.

§ 592. Search for the ancestors of Cothurnocystis has led us to Ceratocystis and

Trochocystis, both of Middle Cambrian age. In outline Cothurnocystis is most like

Ceratocystis, but in the finely plated flexible integument it approaches Trochocystis.

The flattened shape of both those genera suggests a similar prostrate habit, but in the

mode of life there must have been diff'erences. It will be observed that the proximity

of intake and vent in Trochocystis is a normal pelmatozoic character, and this, no less

than other characters to which attention has previously been drawn (§ 252), argues

against an absolutely prone position, and favours the suggestion that the theca was

supported by some broad-leaved sea-weed. In Ceratocystis, as I would interpret it,

the vent retains its a-columnal position, but the intake has moved nearer to the stem-

attachment. If this view be correct, the respective positions are almost the converse

of those found in Dendrocystis. Ceratocystis, then, may well have lain on the sea-

floor or been only slightly raised above it ; but it is far from having all those modifica-

tions which adapted Cothurnocystis so admirably for such a situation, and I am unable

to fill in the picture of its mode of life.

§ 593. If, in our ignorance of the position of the hydropore, we take the sagittal

plane as marked by the intake, the vent, and the stem-attachment, then it follows that,

for all the Heterostelea herein discussed, the extension-plane coincides essentially with

the sagittal plane. Further, there is scarcely room for doubt that Cothurnocystis lay

on its right side. The same was probably the case with Ce^-atocystis, in so far as it

approached the prostrate position. The reverse face of Trochocystis, however, the face

which I suppose to have been underneath, is morphologically on the left side, and this

is perhaps the strongest argument against deriving Cothurnocystis from Trochocystis.

As for Dendrocystis, the evidence is not very clear, but, on the whole, is in favour of

placing the brachiole and vent to the left hand when the ridged plates of the vaulted

region of the theca are towards the observer. I have regarded that region as upper-

most, on the evidence mainly of a few specimens of Dendrocystis Sedgwicki, which

appear to lie on the upper surface of the matrix. This evidence requires confirmation

by a large series of well-preserved specimens, of which the relations to the bedding-

plane are accurately known. Meanwhile, if my assumption be correct, it follows that

in Dendrocystis the morphologically left side of the theca was next the sea-floor, as

in Cothurnocystis.

If the specimens of Dendrocystis scotica, G89 and G266 (§ 142, PI. II. figs. 21, 22),

are rightly interpreted as having the vent on this left side or reverse face of the theca,

they may be adduced in objection to much of the foregoing argument. But it is just

this that suggests an explanation for the peculiar knobs round the anal area. Were

they not developed to keep this area from coming into contact with the sea-floor or

other substratum, and so to maintain a free passage for the faecal current ?

§ 594. It results from the preceding considerations that the common ancestor of
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all these genera can have lain neither on its left side nor on its right, but that its

sagittal plane must have been vertical. Thus we are led again to that normal pelma-

tozoic form of indifferent structure, to which we have already worked back in seeking

an ancestor for Dendrocystis.

§ 595. We turn now to the other half of the Cystid fauna of the Starfish Bed,

namely, the elements contributed by the Glyptocystidea. Like the Heterostelea,

though by no means to so great an extent, this Superfamily includes several genera

that have been modified for a partially eleutherozoic existence, and among them several

seem to have assumed, or at least to have approached, a prostrate habit. Referring to

the list of genera (§ 281), we note among the Echinoencrinidae such forms as Echino-

encrinus and Erinocystis, which apparently rested the theca on the sea-floor, although

geomalic growth did not supervene (see Kirk, 1911, p. 19). The compressed form

characteristic of that growth is, however, shown in the allied genera Schizocystis and

Glaphy7'ocystis (G. compressa). The Callocystidae seem to have retained the pelma-

tozoic attitude, but Trimerocystis may have approached, and Pseudocrinus probably

attained, a position parallel to the sea-floor, though not in actual contact therewith.

I see no better explanation of the extremely flattened form of Pseudocrinus and

the reduction of its subvective grooves, than that it lived in the manner I have

imagined for Dendrocystis.

§ 596. It is, however, in Pleurocystis, a representative of the third Family, the

Cheirocrinidae, that the connection of structural modifications with a prostrate position

is most obvious. But, as Dr Jaekel has pointed out, the path along which adaptation

proceeded was here quite diff"erent from that which it followed in the other Families.

In them the periproct remains relatively small, but in Pleurocystis its extreme enlarge-

ment constitutes an essential feature. In regard to this feature the Cheirocrinidae are

divisible into two groups : Glyptocystis and Cystohlastus as opposed to Cheirocrinus

and Pleurocystis.

§ 597. In Glyptocystis, as Dr Kirk insists (1911, p. 17), "the negative evidence

of the lack of special adaptation to a prostrate mode of life points strongly to the

conclusion that in this genus an erect position was constantly maintained." In Cysto-

hlastus the strongly marked pentamerism of the subvective system bears even more

forcible witness to an upright habit.

§ 598. In Cheirocrinus, on the other hand, it is difficult not to recognise the early

stages of that periproctal enlargement and thecal flattening which culminated in Pleuro-

cystis. Yet the matter is by no means so simple. It is impossible to trace a gradual

increase in the size of the periproct, in the number of periproctals, or in the flattening

of the theca, as we follow the history of Cheirocrinus from the bottom to the top of

the Ordovician. The latest species known to us, C. constrictus, is not one whit more

modified in this direction than is C. sculptus from the base of the Vaginatenkalk. But,

since Pleurocystis is known from the lower beds of the Trenton Limestone, the species

of Cheirocrinus from the later half of the Ordovician do not come into its ancestry

;
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and American species of Cheirocrinus older than Pleurocystis have not been discovered.

The gap between the Trenton Limestone and the Russian Vaginatenkalk therefore

provides a convenient field for the exercise of imagination,

5 599. But, if Cheirocrinus be considered more closely, difficulties of another character

are brought out. The invagination of the base, so common in the genus, and the

approximately equal development of the brachioles on all sides are signs of a normal

pelmatozoic attitude. The distribution of the pectinirhombs may not be fully explained

by my hypothesis of pressure from the gut, but at least it shows no obvious signs

of having been influenced by any departure from the erect position. What, then,

are the "marked modifications pointing to the assumption of a prostrate habit"

(Kirk, 1911, p. 17)?

§ 600. The sole relevant character appears to be the enlargement of the periproct.

But this needs more careful examination. It is particularly unfortunate that the

position of the actual vent is not known in any species. The shape of the periproct,

however, is suggestive. If the theca be placed with the periproct towards the observer,

then the long axis of the periproct is seen to stretch upwards from left to right. It is

natural to suppose that this indicates the course of the rectum, and that the vent was

at one end or other of the elliptical opening. Which end ? If at the lower end on the

left, then it was indeed passing downwards, as in Pleurocystis, but towards the other

side of the theca ; if at the upper end, then the direction of movement was even more

opposed to that in Pleurocystis. Pleurocystis aside, the latter view seems preferable,

for it is more in accordance with the pelmatozoic position, and is easier to reconcile

with the normal coil of the gut.

§ 601. Another difference from Pleurocystis is presented by the fact that in fossils of

Cheirocrinus the periproct is so frequently found lying to the side. This, which was

first brought forcibly to my notice in C. constrictus (§ 321), is well shown in C. insignis

(Jaekel, 1899, pi. 18, f. 2), C. granulatus (op. cit., pi. 11, f. 4), C. Walcotti {loc. cit, f. 9),

apparently in C. atavus (loc. cit., f. 5), C. interruptus {op. cit, pi. 10, f. 9). The fact, if it

proves nothing more, at least shows that the extension of the periproct caused no such

flattening of the theca as would induce it to fall on one of the flattened faces rather

than on any other face. No evidence to the contrary is afforded by the figures of

either E. Billings (1858) or F. Schmidt (1874).

§602, Here also let us recall the rarity in Cheirocrinus of pectinirhomb 11-12,

one of the three that characterise Pleurocystis.

§ 603. For all these reasons we must conclude that, although Pleurocystis may
have been derived, by stages at present unknown, from an early form of Cheirocrinus,

still the genus Cheirocrinus, as a whole, pursued a different path of evolution, and is

by no means a mere undeveloped Pleurocystis. It has just as good a claim to be

considered an ancestor of the symmetrical Cystohlastus as of the compressed Pleuro-

cystis, and {pace Dr Kirk, 1911, p. 17) it may also have given rise, through

Glyptocystis, to the Callocystidae.
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§ 604, The preceding conclusion lays on us the necessity of explaining the peri-

proctal enlargement of Cheirocrinus as an independent phenomenon. Although that

enlargement may have facilitated the ultimate adoption of a prostrate habit, it can

scarcely have been a consequence of, or an adaptation to, such habit. Tn itself, of

course, an enlarged periproct has no necessary connection with a prostrate habit.

Essentially this modification is adopted by a form whose theca consists of a definite

number of relatively large plates, as a means of obtaining an area of flexible integument.

In such a form as Dendrocystis the enlargement of the periproct is inconceivable, since

the whole theca already consists of a finely-plated flexible integument. In Cothurno-

cystis, also, the whole obverse face subserves the function of an enlarged periproct,

whether it arose as such, or directly by the multiplication of ordinary thecal plates.

In the Glyptocystidea, however, with their rigid and hereditarily flxed thecal plan, the

enlargement of the periproct was the only means of attaining some flexible area.

§ 605. The object of a flexible region is primarily to permit of expansion and con-

traction, according as some internal system is filled and emptied. The system in con-

nection with the periproct is more likely to be the alimentary than any other. The

gut, and in particular the rectum, of a Pelmatozoon is distended by water, which has

entered either through the mouth for nutrition, accompanied in part by respiration, or

through the anus for respiration alone. In the Heterostelea it seems probable that

anal respiration was frequent and an eff"ective factor in modification. In the Glypto-

cystidea, however, we believe that respiration was performed by the pectinirhombs

;

and, if these organs were ever eflicient, they must surely have been so in Cheirocrinus.

Therefore an expansion of the rectum by anal respiration is not what one would expect

in such a form ; or if it were admitted, then one would look for it all the more in the

Callocystidae with only three pectinirhombs.

§ 606. Some light may be thrown on the subject by that hypothesis of a conflict

between pectinirhombs and gut, on which I ventured in 1900 (p. 58). Comparing

Cheirocrinus with the ancestor there imagined, we note two important changes : the

increase of the subvective area, and the specialisation of ordinary pore-rhombs into

pectinirhombs. Increase of food-supply involved increased size of gut, but that could

not be attained without pressure on the inner wall of the theca and interference with

certain pectinirhombs. For the pectinirhombs to act in their turn, their inner faces

had to be bathed by freely circulating fluid ; but this was hindered by the distension

of the gut. Many ways out of the difliculty can be imagined. One way was the

concentration of the respiratory area into three pectinirhombs, and the high specialisa-

tion of those three, as in Callocystidae. The mere enlargement of the theca may have

been tried, but since it involved a corresponding increase of both nutritive and

respiratory functions, it was not a course to be recommended in this world of com-

petition. Some of the Echinoencrinidae therefore built out a sort of rectal chimney,

lost their balance, and subsided, it would seem, on to the sea-floor. Cheirocrinus

attained the desired end by enlarging its periproct, a method which had the advantage
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of adaptincy itself to the varying necessities of day and night, sand-storms and food-

streams, water aerated by the beating of surf or poor in oxygen after a season of calm
;

and a method which permitted the animal to retain its upright position.

S 607. But though Cheirocrinus kept the pelmatozoic attitude as a rule, the

evidence of the stem suggests eleutherozoic tendencies. There must have been some

good reason for this, possibly the liability of a fixed form to be torn up by storms or

overwhelmed by changes along a shifting shore ; but it was this semi-vagabond life,

no doubt, that compassed its ultimate downfall. Some enlargement of the periproct

to a greater extent than usual, some change of conditions that enforced its prolonged

dilatation, these involved a loss of equilibrium which the unfixed stem was powerless

to counteract. And thus started the new line that ended in Pleurocystis.

§ 608. Nobody doubts that Pleurocystis lived a potentially free-moving life, and

that it lay flat on the sea -floor. But whether it lay with the periproctal face upwards

or downwards is a question that does not seem to have been answered— or even asked.

Whether everyone has assumed, as I always did, that the antanal face was uppermost,

I cannot say. But there are reasons for raising the question. If the change from

Cheirocrinus to Pleurocystis really took place in the way just imagined, then, if the

theca fell prone on the sea-floor, how could the anus have acted if it were undermost,

or what advantage would there be in a distensile region with no room for distension ?

It may be replied :
" How could the pectinirhombs have acted if the antanal face had

been undermost ? " That, however, presents no difficulty, for if a Pleurocystis be

placed with its antanal face on a flat surface, it is seen to be raised on the umbones of

plates 5, 10, and H (§ 376), so that the pectinirhombs are not obstructed, and at the

same time the anus is in a natural sanitary position, the periproct can expand, and the

brachioles can move freely. Or take the argument from analogy. The animals most

like Pleurocystis are the Anomalocystidae ; from Trochocystis down to Placocystis it

is generally admitted that the uppermost face is that with the smaller and more

numerous plates.

§ 609. There seems to be no argument to set against all those in favour of an upper

position for the anal face, unless it be the argument from mode of occurrence. In the

Trenton Limestone the majority of the specimens appear to be preserved with the

antanal face exposed, i.e. uppermost; but there certainly are numerous exceptions.

The evidence of the British specimens is not clear, owing to the difi"erent nature of the

matrix. If the position of the fossil with reference to the bedding has not been noted

by the collector, it is impossible to infer it from internal evidence in the case of these

sandy rocks. One or two facts may, however, be noted. In P. Rugeri, specimen

7434 (§ 448) shows four individuals all lying in the same general direction and on the

same side. In P. quadrata, on the other hand, Gl90 comprises two individuals lying

on difi"erent faces, and in 0174 either the same is the case or a single theca has been

broken and bent over (§ 517).

From the facts of preservation, then, no secure conclusion can be drawn. Even if
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the majority are preserved with the antanal face uppermost, it does not necessarily

follow that this was the position during life. For, assume the contrary, then the dead

theca resting on the three umbones, and deprived of the balance given as required

during life by arms and stem, would easily be overturned by a slight disturbance. If,

on the other hand, the flat anal face had been downwards from the beginning, it would

not so easily have been overturned.

§ 610. If Pleurocystis were a freely errant form, one would find it very difficult to

give up the idea that it rested and progressed on its anal face, just as some of the later

Anomalocystidae may have slid along on the down-bent edges of their antanal face.

But the well-developed stem of Pleurocystis, with its distal coil, implies habitual, if

not precisely permanent, attachment. Thus, somewhat to my surprise, reasoned

argument leads me to the following conception.

§ 611. A Pleurocystis coiled the end of its stem loosely round some upright object,

and stretched out its theca parallel with the sea-floor, and with the anal face upper-

most. In this position it resembled Dendrocystis, but from that genus it probably

diff"ered in having the theca much closer to the bottom, and indeed resting on it as a

rule, or at least in contact with the loose sandy ooze. Thus, in the clearer waters of

the Trenton Limestone, the brachioles swept in their food-stream, the periproct dilated

as the stomach filled, and the pectinirhombs breathed freely the while. But, in the

sandier waters of the British shore-line, the pectinirhombs were clogged, and increased

work was thrown on the rectum. This in its turn brought about a widening of the

periproct and all the changes of structure that have been detailed in these pages.

§ 612. It was my original intention to conclude this discussion with some general

observations on the assumption of an eleutherozoic habit by Pelmatozoa, and in

particular by Cystidea. But the recent publication of Dr Kirk's survey of the whole

field and of his well-argued conclusions (1911) removes the need for any such elaborate

treatment. There are just one or two points that may be emphasised.

It is certainly remarkable that at so early a period the true Pelmatozoa should so

frequently have given up what to most people's minds is the main character of a

Pelmatozoon—permanent attachment by a stem. But the true criterion of a Pelma-

tozoon is the mode of feeding by a subvective system ; and while this is the natural

accompaniment of a statozoic existence, the formation of a stem may be no more than

an adaptation to special and localised conditions. If anyone talks of Pelmatozoa

becoming eleutherozoic, he certainly does not mean that they become Eleutherozoa. In

all essential morphological and physiological characters they remain Pelmatozoa. Rarely,

indeed, can it be said that Pelmatozoa assume an actively errant life, roaming about

seeking what they may devour. The suggestion has been made in the case of the

later Anomalocystidae, but, even if it hold good for them, there are few other Pelmatozoa

for which the supposition would be possible.

But to keep to the forms discussed in this memoir, the conclusion reached is that

all, even the most highly modified, were essentially statozoic Pelmatozoa. Their
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modifications depend on the combination of a stationary microphagous existence with

a position different from that of normal erect Pelmatozoa.

§ 613. The normal pelmatozoic habit is best adapted for deep, calm waters, and the

connection of these departures from it with shallow-water conditions has been well

brought out by Dr Kirk. In these early examples the modifications were more pro-

found and far-reaching than in later times, simply because the forms affected had not

yet acquired all the characters of the normally specialised Pelmatozoon. They were

able to adapt themselves more readily to the numerous possibilities afforded by a varied

and variable habitat. Hence their extreme specialisation in diverse directions.

§ 614. Finally, the question has been put : if these animals were each and all so

admirably adapted to their surroundings, how was it that they all became extinct

directly afterwards ? Not one of these genera, so far as we know, survived to Silurian

times. Not one of the Silurian genera that took their place can be regarded as a direct

modification of any one of them. The answer seems to lie in the change of conditions

that must have passed over the whole North Atlantic region at the close of the

Ordovician Epoch, and that left its impress on the whole of the marine fauna. The

conflict between inherited structure and altered surroundings commenced anew ; but

by this time the hereditary tendencies had become so fixed that they could not yield

rapidly enough to the needs of adaptation. Had these creatures really been free

wanderers they might have escaped destruction by migrating to their accustomed

surroundings elsewhere. But, so far as we know, they did not do so ; and even if they

had made any unconscious attempt, their way would doubtless soon have been blocked

by some ridge of land or some deeper trough over which they could not pass. Thus,

when somewhat similar conditions reappear in Silurian rocks, the Echinoderms modified

to take advantage thereof have been derived from other Families.

So does the remote story of these Girvan fossils reveal anew the perpetual warfare

of life, its ever unaccomplished task to bring this ancestral burden of the body into

perfect harmony with an elusive nature ; for, just as that highest hope falls to be

fulfilled, the wheel of the world is turned, and the new contest demands competitors of

a less wearied stock or a more flexible training. The Palaeontologist may be one who

deals with creatures that are what we call " dead and buried," but he above all men should

be filled with a sense of the living drama that underlies his science : the unending

struggle of the past as crystallised in organic form with the ever new surroundings of

a shifting universe ; the clash of inherited structure, habit, thought, against the iron

necessities of the present. The figured stone, rudely cast aside by the quarryman or

blindly treasured by the curio-hunter, is for him an emblem of shattered conventions

and creeds outworn ; it is his material proof of the eternal Nemesis.
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Plate I.

Dendrocystis Barrandei, §§ 89-107.

Fig. 1. Holotype, Brit. Mus. E 16026. Reverse face, with brachiole on right. Shows character of

thecal plates. x 2 diam.

Fig. 2. Brit. Mus. E 1 6006. Reverse face. Shows sugar-loaf plate, S, on the right, and above it a

projection of the theca. The distal region of the stem is well shown, but is not complete. Nat. size.

Fig. 3. Brit. Mus. E 16024. Proximal portion of theca, with basal rim; proximal and median regions

of stem. X 2 diam.

Fig. 4. Brit. Mus. E 16028. Obverse face, with brachiole on left. Note the single series of brachiolars,

and the adbrachial plates. x 2 diam.

Dendrocystis Sedgwicki, §§ 108-126.

Fig. 5. Holotype, in R. Bohemian Museum. Photographed from a squeeze, Brit. Mus. E 16005.

Obverse face, with brachiole on left. Shows sugar-loaf plate, S, and above it a projection of the theca.

The large folded plate, supposed by some to represent anal valves, is denoted by a; (§ 57). Adbrachials,

antibrachial lobe, umbonate plates, basal rim, and stem are well shown. Nat. size.

Fig. 6. Brit. Mus. E 16031. Reverse face, with the adbrachial plates and proximal brachiolars on the

left. Below, on the left, are the narrow elongate plates probably connected with the vent (§ 74) ; some

stout plates below these probably belong to an adjacent underlying individual. The umbonate plates are

also shown. x 2 diam.

Fig. 7. Brit. Mus. E 16021. The absence of umbonate plates suggests that this is the reverse face.

Note the angle and overlying notch on the right side (§ 77). The proximal region of the stem is well

shown (§ 124). x 2 diam.

Fig. 8. Brit. Mus. E 16020. Distal region of stem, showing the alternation of dimeres towards the

rounded extremity (§ 122). x 2 diam.

Fig. 9. Brit. Mus. E 16018. Two distal euds of the stem (§ 122). That on the right shows the

rounded extremity plainly. That on the left lies over part of a brachiole, and to the left of it the ridged

inner faces of the brachiolars are exposed (§118). x 4 diam.
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Plate II.

Dendrocystis scotiea, §§ 127-149.

(All the specimens are in Mrs Gray's Collection.)

Fig. 10. G 120. Obverse face. Shows brachiole, partly twisted on its axis, antibrachial process, vent,

and proximal region of stem. Nat. size.

Fig. 11. Holotype, G80. Obverse face. Shows brachiole, antibrachial process, vent scarcely dis-

tinguishable, slight basal rim, and proximal columnars. The cordate outline of the theca is clear, though

the adanal lobe is broken away. Nat. size.

Fig. 12. Holotype, G 80. Reverse face. In this the brachiole is not preserved. Some elongate plates

of the vent can be made out, to the right of the stem. Nat. size.

Fig. 13. G82. Reverse face showing the large antibrachial process on the left, and part of the

brachiole on the right. Nat. size.

Fig. 14. G87. Obverse face. Part of the brachiole, supported on a platform of adbrachial plates.

The lined appearance of the brachiole is not due to retouching the photograph, but to the rubbing of colour

into the sutures on the squeeze itself. x 2 diam.

Fig. 15. G73. Part of the brachiole, and on the right, some adbrachial plates. This shows one series

of long plates, and two series of short plates (§ 63). x 2 diam.

Fig. 16. G126. Part of the brachiole, showing the folded edges of one series of brachiolars, and the

inner ridged surface of others (§ 66). x 4 diam.

Fig. 17. G 162. Part of the brachiole, and, on the left, some adbrachial plates. The long brachiolars

in the upper row imbricate distalwards (§ 138). x 2 diam.

Fig. 18. G 85. Proximal part of the brachiole, with adbrachial plates on the left. The mode of

preservation of this specimen rendered it possible to take two squeezes : (a) showing the outer surface, with

the longer plates in the lower row, and the shorter plates in two rows above it
; (6) the lumen exposed by

the removal of some plates ; the elements on the right retain the position they occupy in fig. a. The

remarkable tenuity of the longer plates and the relatively large size of the lumen are here obvious (§ 65).

x 2 diam.

Fig. 19. G105. The stem, incomplete, and proximal part of theca. At the proximal end of the distal

region the lumen is exposed (§§ 145-148). Nat. size.

Fig. 20. G 90. Proximal region of stem and theca in two adjacent individuals. Reverse face. In the

individual on the left the anal lobe, with the vent, and the antanal lobe are well marked. In this the

interior of the stem is exposed, and the great size of the lumen in the proximal region is manifest. Note

the flanges on the proximal columnars in the right-hand individual (§ 148). Nat. size.

Fig. 21. G89. '? Reverse face, with the appearance of valvular anal plates (§ 142), and with knobs on

some of the thecal plates (§ 136). In this and in fig. 22, the valvular plates have been picked out on the

squeeze itself with a thin coat of white paint. x 2 diam.

Fig. 22. G266. ? Reverse face, showing features similar to those in fig. 21 (§§ 136, 142). x 2 diam.

Fig. 23. G88. Reverse face, with the long axis laid horizontally, so as to illuminate the narrow plates

of the vent (§ 141). Note the coarse texture of the adjoining thecal plates (§ 133), and their crenellate

sutures (§ 55). x 2 diam.

Fig. 24. G 128. Reverse face, showing basal rim and anal lobe with plates of vent (§ 141).

X 3 diam.

Fig. 25. G102. Reverse face. On the right is the vent with narrow plates converging to it (§ 141).

On the left is the proximal region of the stem, with flanged columnar elements (§ 148). x 4 diam.
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Plate III.

Cothurnocystis Elizae, §§ 170-207.

(AH the specimens are in Mrs Gbay's Collection.)

Fig. 26. G 26. Reverse face. A small but almost complete individual. Frame-marginals with knobs,

strut, tag, tongue, and toe-spine well shown. Cf. text-fig. 14. Nat. size.

Fig. 27. G50. Obverse face. Hoods of subvective grooves projecting. Stem bent heelwards (§§ 192,

195, 206). x2 diam.

Fig. 28, Holotype, G 6. Reverse face. Composition of frame, strut, and proximal region of stem (text-

fig. 20) well shown. On the right the interior of the integument on the obverse face is exposed, showing

some subvective grooves from within (§ 197). Nat. size.

Fig. 29. G 267. Reverse face. Stem well preserved, bent toewards (§ 206). Nat. size.

Fig. 30. G 22. Reverse face. Upper portion of the leg, showing tag and tongue processes (§§ 189, 190),

and their relation to the marginals. Between them is seen peeping up the end of the vent (§ 199).

Compare fig. 38, which is the obverse of the same specimen. Nat. size.

Fig. 31. G45. Obverse face. To the left the subvective system is clearly exposed (§ 195). To the

right of this, aud continuing along the heel and up the back of the leg, the integument of the obverse face

has been removed, exposing part of the strut, the inner channel of marginals 5, 4, and 3, the broad inner

face of marginal 12 (§ 187), and the inner surface of the reverse integument, wherein the plates are seen to

be larger than those of the obverse (§ 192). For this excellent photograph, I have to thank Mr F. W.

Reader, x 2 diam.

Fig. 32. G 27. Part of the stem. Some dimeres of the proximal region above ; then a weathered

reducing i^iece, with fluted infilling ; and below, weathered columnars of the distal region, down which the

fluting is continued (§§ 202, 203). x 2 diam.

Fig. 33. G17. Obverse face. Part of subvective system, from an individual with relatively short

grooves; the cover-plates preserved (cf. text-fig. 16). x 4 diam.

Fig. 34. G52. Obverse face. The whole of the subvective system, from an individual with relatively

long grooves ; the cover-plates preserved (§ 198). x 4 diam.

Fig. 35. G36. Reverse face. The integument of this face is removed, exposing the inner surface of

the subvective system, which has relatively long grooves as in fig. 34 (§ 198). Cf. text-fig. 17. The

grooved inner surface of some proximal columnars is also shown (§201). x 2 diam.

Fig. 36. G 10. Reverse face. The inner face of part of the subvective system is exposed as in fig. 35
;

but here the grooves are relatively short (§ 198). Cf. text-fig. 18. The lumen of the proximal regio^of

the stem is exposed (§ 201). x 6 diam.

Fig. 37. G 41. Reverse face, showing imbrication of the integument plates (§ 192). x 3 diam.

Fig. 38. G 22. Obverse face. The top of the leg, showing the elongate converging plates of the vent,

between the tag and tongue processes (§ 199). x 2 diam.
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Plate IV.

(All the specimens on this Plate are in Mrs Gray's Collection,)

Cothurnocystis curvaia, §§ 208-222.

Fig. 39. Holotype, G 2. Obverse face. Shows general shape of theca, with the fine rhomb-like sub-

vective system on the left. Compare text-fig. 25. Nat. size.

Fig. 40. Holotype, G 2. Reverse face. Part of the integument is removed, exposing, near the toe, the

inner face of the subvective system. Cf. text-fig. 24. Nat. size.

Fig. 41. G33. Reverse face. Here also part of the subvective system is exposed. Nat. size.

Fig. 42. G 5. Obverse face. The rudimentary toe-spine is shown, but the division between the two

sides of it is not well seen in this view (§ 213). The character of the integument is well displayed (§ 217).

X 2 diam.

Fig. 43. G 24. Reverse face, with the integument removed, exposing the inner face of the subvective

system. Cf. text-fig. 27. x 3 diam.

Fig. 44. G 24. Obverse face, to show the appearance of the subvective system. Cf. text-fig. 26.

X 4 diam.

Fig. 45. Gl. Obverse face. Shows lumen of proximal region of stem, and relations of dimeres;

cf. text-fig. 28. The position of the strut is indicated by the ridge in the integument. Cf. text-fig. 25.

X 2 diam.

Cothurnocystis 1 sp., § 173.

Fig. 47a, b [intended to be 46 and 47, but a mistake arose in lettering and proving the plate]. G 204.

A rather obscure specimen, which may represent part of a young Gothurnocysiis. a is a .squeeze ; b is the

actual specimen. Note the somewhat dice-box shape of the columnars in a, and the fluting of some, faintly

shown in b. x 2 diam.

Cheirocrinus interruptus, §§ 336-347.

Fig. 48. G 214. This photograph is interpreted in text-fig. 59. Br denotes the position of the

subvective grooves at the top of the radial plates. In the middle one are seen some brachioliferous

elements, x 2 diam.

Cheirocrinus constrictus, §§ 310-335.

Fig. 49. Holotype, G 157. Seen from the right side. P denotes the periproct. Nat. size.

Fig. 50. G 143. Theca from left side. P= periproct. Nat. size

Fig. 51. G133. The specimen is seen from the right posterior interradius, and shows deltoid 20,

brachioHferous elements with traces of brachioles surmounting radials 15 and 16 (§ 326), pectinirhomb 10-

14, plates 9 and 5 of Circlet II., basal 4, and a considerable part of the stem, x 2 diam.

Fig. 52. G261. The tegmen from above. A denotes the anterior radius. Cf. text-figs. 51, 52, and 55

(§§ 323-326). X 3 diam.

Fig. 53. G261. The same squeeze seen from the side, with radial 16 in the middle. In the hollow

behind it are traces of brachioles, also seen in fig. 52. x 2 diam.

Fig. 54. G 187. The tegmen from above. A denotes the anterior radius. The rebated edges of the

deltoids, forming the food-grooves, are clearly seen, and in the groove near the centre some remains of

cover-plates. Cf. text-fig. 51. x 3 diam.

Fig. 55. G152. Seen from left side. In the periproct, P, are some scattered periproctals (§ 332).

Cf. text-fig. 50. X 2 diam.

Fig. 56. G180. An isolated plate, of which the actual stereom is preserved (§§ 316, 317).

X 4i diam.
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Plate V.

Pleurocystis Rugeri, §§ 444-463.

Fig. 57. Holotype. Mus. Pract. Geol. 25701. Antanal face. An isolated plate and scattered columnals

lie on the matrix. The left-hand margin of the theca is fairly complete, but the upper part of the right-liand

margin and the radial plates are not seen. This figure affords clear evidence of the absence of pectinirhomb

1-5. Rhomb 10-14 is well shown; but rhomb 11-12 is not preserved (§§ 450-455, 460-462). x 2 diam.

Fig. 58. Holotype. Mus. Pract. Geol. 7434. Anal face of Salter's figured specimen on left, the

reverse of our fig. 57. On the right is the greater part of another individual, and between the two is the

margin of a third ; these two also present the anal aspect (§§ 456-458, 460-462). Nat. size.

Fig. 59. Oxford Univ. Mus. Antanal face, with most of the plates weathered away, exposing the peri-

proctals, which appear as depressions because the stereom is more worn away than the matrix filling the

sutures. The photograph is from the actual specimen (§§ 449, 450, 457, 460). x 2 diam.

Pleurocystis anglica, §§ 464-485.

Fig. 60. Paratype in Riksmuseum, Stockholm ; Jaekel's fig. 6. Antanal face. For the interpretation

of the plates, see text-fig. 76. A crack which runs across plate 9 in the specimen appears as a ridge in

this squeeze. x 2 diam.

Fig. 61. Holotype, counterpart iu Mus. Pract. Geol. 25704. Antanal face. For the interpretation of

the plates, see text-fig. 78. x 2 diam.

Fig. 62. Holotype in Riksmuseum, Stockholm ; Jaekel's fig. 6a. Anal face. For the interpretation of

the plates, see text-fig. 77. x 2 diam.

Pleurocystis procera, §§ 486-500.

Fig. 63. Holotype, G 144, Mrs Gray's Collection. Antanal face. x 2 diam.
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Plate VI.

(All the specimens on this Plate are in Mrs Gray's Collection.)

Pleurocystis gibba, §§ 520-534.

Fig. 64. G177. Anal face. The periproctals for the most part removed, exposing the inner surface of

the antanal plates. Nat. size.

Fig. 65. G177. Antanal face. This shows well the hump in the neighbourhood of pectinirhomb 11-12.

Nat. size.

Fig. 66. Holotype, G172. Antanal face. The hump or bend in the thecal margin, being a region of

weakness, has been crushed outwards. Nat. size.

Fig. 67. Holotype, G172. Viewed from antanal side, but the plates of that face are removed, exposing

the interior of the theca. Nat. size.

Fig. 68. Holotype, G172. Anal face. The periproctals are disintegrated and obscure. Nat. size.

Pleurocystis quadrata, §§ 501-519.

Fig. 69. Holotype, G171. Antanal face. The theca incomplete in the lower left-hand comer.

Nat. size.

Fig. 70. Holotype, G171. Anal face, showing the complete thecal outline. Nat. size.

Fig. 71. Holotype, G 171. Anal face. The rectal lobe, showing the vent (§§ 513-514). x 4| diam.

Fig. 72. G174. Two thecas. That on the left lies over the other, and is seen from the antanal aspect,

but the plates of that face have been removed, exposing the periproctals. Note the rim for the attachment

of the periproctal integument, and the linear arrangement of the periproctals in the rectal lobe. The

underlying theca on the right exposes the interior of the antanal face. Between the two thecas lies a

crushed Orthis (§§ 517, 518). x 2 diam.

Fig. 73. G142. Antanal face. To show pectinirhomb 10-14. Cf. text-fig. 73. This photograph

may at first be a little puzzling because, to bring out the folds, it was lit from the lower left-hand corner

instead of from the upper left-hand. x 2 diam.

Fig. 74. G175. Anal face, showing periproctals and vent (§§ 517, 518). x2 diam. Photograph by

F. W. Reader.

Pleurocystis foriolus, §§ 535-550.

Fig. 75. G135. Antanal face, x 2 diam.

Fig. 76. G135. Anal face, showing the elongate rectal lobe (§§ 541, 547). x 3 diam.

Fig. 77. G213. Antanal face. Towards the lower left-hand corner some of the plates are removed,

exposing the periproctals. x 2 diam.

Fig. 78. G213. Anal face. Most of the periproctals removed, exposing the anterior of the antanal

plates. X 2 diam.

Fig. 79. Holotype, G189. Antanal face. Nat. size.

Fig. 80. Holotype, G189. Anal face. The periproctals are almost too small to be clear in this figure.

Nat. size.

Fig. 81. G223. Anal face. A few periproctals remain in the rectal lobe. Elsewhere the inner face

of the antanal plates is exposed. The adoral plates are clearly shown. Nat. size.



522 DR F. A. BATHER.

F. INDEX.

Name of Authors are in capitals, thus ....... Barrande

Names of Geological formations or ages are in Roman type, with an initial capital, thus . Ashgillian

Names of places likewise, thus . . . . . . . . Cynwyd

Names of larger Systematic groups likewise, thus...... Cheirocrinidae

Terms, referred to as such, are in Roman type, with a small initial, and between quote-

marks, thus .......... "anal"

Structures or subjects dealt with are in Roman type, with a small initial, thus . . evolution

Names of genera are in italics, with an initial capital, thus..... Dendrocystis

Names of species are indexed under the trivial name (in italics and never with an initial

capital) followed by the generic name, thus ..... sedgwicTci, Dendrocystis

The trivial names of species are also entered in an alphabetical list following the name of

each genus with which they have been associated. There is no attempt to indicate

which association is considered correct.

Fragments of which the species is indeterminable are indexed under the name of the

genus to wliich they are referred, thus ...... Pleurocystis sp.

Under all entries of Systematic names, the number of the section in which the Genus, or

Species, or Specimen, is more particularly described or discussed, is printed in

italics, thus ......... anglica, Pleurocystis, Jfib

All numbers refer to Sections, not to pages, except the references to Plates and Figures

(PL iv. f. 54), and text-figures (tf. 22).

abscondita, Gystidea, 26.

Acanthdlepis, 309 : jamesi.

adaptation, 579.

to shallow water, 613.

versus orthogenesis, 580.

adbrachial plates, Dendrocystis, 61 ; D. barrandei,

99; D. scotica, 136; D. sedgwicki, 117.

agnostiformis, Agnostus, 6.

Agnostus : agnostiformis.

Allen, H. A., 12, 444, 448, 615.

alter, Cheirocrinus, 292, 298, 302, 307, 308, 334,

564.

Homocystites, 290, 307.

Ami, H. M., 405, 431, 615.

Amphoridea, 1, 10, 13, 14, 17, 576.

Amyydalocystis, 37.

"anal aperture," 24.

anal plates, Pleurocystis, 382.

anal respiration, 227, 238, 556, 590, 605.

" anal " side, 45.

anatiformis, Cheirocrinus, 307, 308.

Echinoencrinites, 307.

anatomy of Gystidea, 569-575.

anceps, Dicellograptus, 6, 7.

Angelin, N. p., 286, 615.

anglica, Pleurocystis, 368, 377, 378, 380, 381, 383,

390, 392, 458, 464, 466, 500, 534, 551, 552,

553, 577, PI. V. fl". 60-62, tf. 70, 76-78.

angulatus, Cheirocrinus, 300, 301, 307, 308.

Anomalocystidae, 14, 16, 18, 20, 26, 29, 32, 260,

361. 576.

Anomalocystites, 26, 355 : bohemicus, ensifer

pyramidalis.

Anomocystida, 363.

antanal lobe, Dendrocystis, 583.

"antanal" side, 45.

antibrachial lobe, 46.

process, 583; in Dendrocystis scotica, 140.

" antibrachial " side, 45.

anticostensis, Pleurocystis, 390, 432, ^.SS, 551, 552,

577.

Anticosti, 434, 565.

anticostiensis, see anticostensis.

" anus," 24, see vent.

Apiocystinae, 269, 275.

Apiocystites, 269, 275.

appendage, Dendrocystis, 63 ; D. barrandei, 100

;

D. sedgwicki, 118; D. scotica, 137.

Arachnocystis, 68, 69, 72.

Archetype of Glyptocystidea, 267, 270, tf. 36, 37.

Ardmillan, 4.

series, 4.

Ardwell group, 4.

Aristocystis, stem, 589.

Arkansas, 566.

arms, see brachioles.

Ashgillian series, 7, 467, 565.

Asteroblastus, 229.

atavus, Cheirocrinus, 301, 307, 308, 334,

601.

Ateleocystis, 26, 358.

sp., 449.
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attachment, of Dendrocystis, 584, 585 ; of Plenro-

cystis, 611 ; of Trochocystis, 252.

*' axial ridges," 402.

B 2 of Schmidt, 35.

B3 of Schmidt, 288.

Baily, W. H., 466, 615.

Bala Limestone, 447.

Balmocystis, 26, 358 : lagenula.

Balclatchie, 4.

group, 4, 5, 564.

Baltic Provinces, 7, 35, 36, 42, 151, 288, 308, 339,

559-568.

bcdtica, Rhipidocystis, 36, tf. 3.

Bardahessiagh, 466, 468.

beds, 467.

Bargany Pond Burn, 4.

Barrandb, J., 39, 40, 41, 47, 53, 54, 55, 56. 57,

67, 68, 74, 76, 87, 89, 108, 110, 247, 286, 615.

barrandei, Dendrocystis, 42, 43, 47, 53, 59, 62, 63, 64,

75, 79, 89, 149, 561, 576, PI. i. ff. l-4,tf. 6, 7.

bairandei, Trochocystis, 253, tf. 31, 32.

Barren Flagstone group, 4.

basal rim, Dendrocystis, 59, 60; D. barrandei, 98;

D. scotica, 135.

basals, Dendrocystis, 59 ; D. barrandei, 98 ; D.

scotica, 135; D. sedgwicki, 116; Plturocystia

rugeri, 451.

Basal Sandstones, 6.

base, Cheirocrinus, 292, tf. 48.

Bassler, R. S., 152, 565, 615.

bathmic force, 580.

Beauport, Quebec, 156.

Bellerophun : bilohatus, perturbatus, trilobalus.

BeUeville, Out., 405, 422.

bellows-action, Cothurnocystis, 237.

Bergeron, J., 253 (footnote), 615.

Bbtrnard, F., 39, 360, 615.

bilaterality, 581, 582.

Billings, E., 40, 42, 155, 159, 286, 306, 348, 350,

352, 354, 370, 380, 391, 403, 408, 410, 412,

413, 414, 416, 419, 420, 422, 424, 426, 429,

430, 432, 436, 615.

Billings, W. R., 12, 405, 410, 414, 416, 419, 420,

422, 425, 615.

bilobatus, Bellcrophon, 6.

bionomics, relation to morphology, 578 ; of Cystidea,

578-614.

Black River group, 152.

Blaen-y-Cwm, 446, 447, 448.

Blastoidea, 15 ; origin, 279.

blood-plexus, Cothurnocystis, 244.

Bohemia, 7.

Bohemian Museum, 92, 111, 248,

bohemicus, Anoniulocystis, 26.

bohemica, Trochocystis, 246, tf. 29, 30; supposed

process, 247.

Bone, C. R., 451, 458.

bowmanni, Illaenus, 6.

"brachial" side, 45.

brachioles, Cheirocrinus constrictus, 325, 326, 327

;

Dendrocystis, 63-72, 583 ; D. barrandei, 100

;

D. scotica, 137 ; D. sedgwicJd, 118 ; Ple.urocystis,

37i; P. procera, 496; P. rugeri, 461.

Brachiopod Shales, 7.

Brandschiefer, Esthland, 42, 152, 288.

British Museum, 12, 92, 111, 153, 249, 253 foot-

note, 255, 369, 382, 385, 389, 405, 407, 410,

413, 416, 422.

Broili, F., 365, 368, 615.

bucklandi, Trinucleus, 6.

Burma, 309

CI of Schmidt, 35, 288.

C2 of Schmidt, 42, 152.

Callocystidae, 269, 273, 281, 577.

Callocystinae, 269, 271, 273, 274, 281.

Callocystis, 269, 274, 281, 353, 355.

Cambridge, see Sedgwick Mus.

Camerata, 571.

Camregan group, 4, 5.

canadensis, Cheirocrinus, 307.

Caradocian rocks, 4.

Caradoc Sandstone, 447.

Carpenter, P. H., 286, 348, 359, 366, 371, 615.

Carpoidea, 1, 10, 14, 15, 262, 572; discussed, 16,

17, 20

Caryocrinidae, 262, 264.

Cefn-Llv?ydlo, 446.

Ceratocystidae, 16, 26, 28, 32, 260, 576.

Ceratocystis, 26, 28, 58, 78, ^55-260, 563, 573
;

ancestor, 594 ; bionomics, 592, 593 : perneri.

Chair of Kildare, 559.

Chapman, E. J., 286, 353, 419, 420, 426, 615.

Charleton Point, 434.

Chazy Limestone, 429, 431.

Cheirocrinidae, 10, 269, 281, 288, bll
;

pectini-

rhombs, tf. 46.

Cheirocrininae, 285.

Cheirocrinus, 10, 269, 273, 276, 281, 286, 287,

291, 359, 364, 375, 556, 559, 560, 564, 574,

577 ; affinities, 603 ; analysis, 293 ; distribution,

308 ; eleutherozoic tendencies, 607 ; enlarge-

ment of periproct, 598 ; ? fragments, 4; gut, 384,

habit, 599 ; history, 289 ; stem, tf. 47 ; species,

307 : alter, anatiformis, angulatus, atavus, cana-

densis, consirictus, degener, forbesi, giganteus,

granulatus, insignis, interrupfus, leucktenbergi,

logani, nodosus, ornatus, penniger, radiatus,

sculptus, striatus, volborthi, walcotti.
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Chicago University, 369, 442.

Chiroerinus, see Gheirocrinus.

Christiania, 7.

Cigara, 589 : dusli.

Cincinnatian, 565.

Ciucinnatic period, 565.

Cladocrinoidea, 15.

cloaca, Cothurnocystis, 244.

Coelocystis, 274, 281.

coil of gut, Gheirocrinus, 600 ; Cothurnocystis, 243
;

Pleurocystis et alii, 384.

Cole, G. A. J., 12.

columnals, see stem.

Comarocystidae, 16, 18, 19, 262.

compressa, Glaphyrocystis, 595.

compression of theca, Carpoidea, 17, 22; Dendro-

cystis, 47.

" concave " face, 25.

"concentric ridges," 402.

Coniston Limestone, 447, 449.

conjunct pectinirhombs, 301, 375.

constrictus, Gheirocrinus, 291, 295, 296, 298, 304,

306, 307, 308, 310, 564, 574, 577, 598, 601,

PI. iv. ff. 49-56, tf. 43, 44, 48-58.

"convex" face, 25; Dendrocystis, 49, 593; D. har-

randei, 96 ; Z). sedgwicki, 112.

Coral Limestone, 7.

Cornuta, 26, 32.

Corwen, 446.

Cothurnocystidae, 10, 32, 160, 260, 576.

Gothurnocystis, 10, 14, Z2,161, 560, 563, 571, 576,

604; affinities, 245; ancestors, 592; bionomics

and morphology, 223-244, 591 : curvata, elizae.

Gothurnocystis sp.^ PI. iv. f. 47.

Coulouma, H^rault, 253.

counterparts, value of, 8.

cover-plates, Gothurnocystis, 169; G. elizae, 198;

Dendrocystis, 72 ; Trochocystis, 252.

curvata, Gothurnocystis, 161, 208, 222, 576, PI. iv.

ff. 39-45, tf. 24-28 ; its shape, 234.

Cynwyd, 446.

cystid plates, 4.

Gystidea : ahscondita, sedgwicki.

Cystidea, class, 1, 15 ; of Starfish Bed, 9, 10.

Cystoblastidae, 269.

Cystoblastinae, 285.

Cystoblastus, 269, 276, 279, 281, 577; habit, 597.

Cystoidea, see Cystidea.

D2 of Barrandb, 41, 91, 93, 561.

D3 of Barbande, 41, 92, 110, 561.

D4 of Barrande, 41, 93, 110, 561.

D5 of Barrande, 7.

Dalecarlia, 7.

degener, Gheirocrinus, 307, 308,

Dblage, Y., 40.
j

& H^ROUARD, E., 615.
I

deltoids, Gheirocrinus, 286, 296 ; G. constrictus, 323, <

324 ; Pleurocystis, 373.

Dendrocystidae, 10, 16, 18, 20, 26, 32, 33, 39,

576.

Dendrocystis, 10, 17, 31, 38, 40, 360, 560, 561, 570,

576, 604 ; ancestor, 588, 590 ; bionomics and

morphology, 582 ; described, 44 ; diagnosis, 40;

history, 39 ; relation to sea-floor, 593 : bar-

randei, paradoxica, rossica, scotica, sedgwicki.

Dendrocystites, 26.

Deutocystis, 72, 114, 588: modesta.

diagnostic characters, Pleurocystis, 394.

Dicellograptus : anceps.

Dichoporita, 19, 264, 577.

dimeres, see stem.

dimerism of stem, 584.

disjunct rhombs, 301.

distribution of Cystidea, 559 ; Pleurocystis, 390.

" dorsal," 23, 25.

" dorso-ventral " compression, 22.

Dow Hill, 4.

Drummuck group, 4, 6, 467.

Dubovicki, 35.

dusli, Gigara, 87, 589.

Eastman, C. R., 615.

Echinoencrinidae, 272, 281, 577.

Echinoencrininae, 271, 272.

Echinoencrinus, 4, 269, 281, 356, 357, 384, 595.

Echinosphaera, 559.

Echinosphaeridae, 4, 262, 264.

Edrioasteroidea, 1, 15.

EicHWALD, C. E. v., 286, 288, 615.

elegans, Pleurocrjstis, 390, 414, 419, 420, 4^1, 431,

551, 552, 577, tf. 67.

eleutherozoic habit in Pelmatozoa, 612.

modifications, 579-613.

tendencies, Gheirocrinus, 607.

elizae, Gothurnocystis, 161, 170, 211, 222, 576, PI.

iii. ff. 26-38, tf. 14-23.

Elles, Gertrude L., 7, 467, 615.

Enoploura, 26.

ensifer, Anomalocystites, 26, 28.

Eocystis, 114: lonyidactylus.

epistereom, Dendrocystis, 54.

Erinocystis, 269, 281, 374, 595.

Etage 5, 7.

Etheridgb, R., 615.

[fil.], 4, 615.

Eustelea, 18, 19.

evolution: of biserial brachiole, 100; oi Pleurocystis,

371; of stem, 589, in Dendrocystis, 85-88.

exornata, Pleurocystis, 390, 419, 426, 427, 551, 577.
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"extension-plane," 25.

extinction of specialised Cystidea, 614.

Fl, 7; see Lyckholm beds.

faberi, Platycystis, 37, 562, tf. 5.

Fearnsides, W. G., 7, 467, 615.

jUitexta, Pleurocystis, 350, 367, 368, 369, 378, 380,

385, 390, 414, ^15, 420, 425, 426, 431, 551,

552, 553, 577, tf. 62, 68.

flexible integument, 604, 605.

folded (? valvular) plate, Dendrocystis, 57.

folds of pectinirhombs, Pleurocystis, 378 ; P. gibba,

529; P. quadrata, 510; P. rugeri, 455.

forbesi, Cheirocrinus, 292, 307, 308.

Glyptocystites, 307.

foriolus, Pleurocystis, 380, 383, 390, 499, 519, 534,

535, 551, 552, 553, 577, PI. vi. ff. 75-81, tf.

74, 75, 80.

frame, Cothurnocystis, 163; C. curvata, 212;

C. elizae, 174.

Fbitsch, a., 12.

geography, Ordoviciaii, 566-568.

geomalic growth, 233, 582.

gibba, Pleurocystis, 378, 390, 499, 519, 520, 551,

552, 553, 577, PI. vi. ff. 64-68, tf. 71.

giganteus, Cheirocrinus, 301, 307, 308, 334.

Gonocrinites, 307.

gigas, Rhipidocystis, 35, tf. 1, 2, 4.

Ginetz, 87, 589.

Girvan strata, 4.

Glaphyrocystis, 269, 281, 559, 595 : compressa.

globiceps, Staurocephalus, 6.

Glyptocystidae, 262, 26+, 267, 276, 284, 577.

Glyptocystidea, 10, 577; archetype, tf. 36, 37;

bionomics and morphology, 595; diagnosed,

282.

Glyptocystidean plate, 4.

Glyptocystinae, 269, 271, 276.

Glyptocystis, 269, 273, 276, 277, 281, 289, 375,

577, tf. 38 ; habit, 597 : multipara.

gonopore, Cothurnocystis, 244; Dendrocystis, 76.

Gornaja Scheldicha, 36.

grandis, Strophomena, 6.

granulatus, Cheirocrinus, 307, 308, 601.

gravity, relations to, 581, 582, 584.

Gray, E. (MrsK), 1, 8, 12, 170, 392, 615; collec-

tion, 1, 8.

Greifswald Univ., 35.

Gbindrod collection, 447.

GuRLEY, W. F. E., 362, 438, 443, 615.

gut, CAeirocnVms, 384; Cothurnocystis, 2i2; Pleuro-

cystis, 384; relation to pectinirhombs, 606, in

Pleurocystis, 557, 558.

habit, of Ceratocystis, 259 ; of Cheirocrinus, 306 ;

of Cothurnocystis, 231 ; of Pleurocystis, 376 ; of

Trochocystis, 251.

Haeckel, E. H. p. a., 39, 40, 57, 69, 72, 74, 76,

229, 250, 286, 289, 348, 350, 363, 403, 414,

615.

Hajek, 90.

Hall, J., 286, 355, 615.

Hallicystis, 269, 281.

Hartfell Shales, 7.

Haverfordwest, 446.

Heliocrinus, 559.

Hemicosmites, 352, 353, 559.

Herault, 43, 253, 561, 587.

Herouard, E., 40, 615.

Heterostelea, 10, 18, 19, 20, 576; bionomics, 581
;

classification, 26; diagnosed, 21; families ac-

cepted, 32.

HoERNES, R., 357, 615.

Holm, G., 12, 468.

Homocystis, 281, 290, 577 : alter.

HoRNB, J., 4, 6, 8, 12, 392, 567, 615.

Hudson R. group, 435.

Hughes, T. McK., 12, 449.

Hull, P.Q., 405, 406, 410, 416, 422.

Huxley, T. H., 615.

Hyatt, A., 582, 615.

hydropore, Cheirocrinus constrictus, 323 ; Cothurno-

cystis, 244 ; Dendrocystis, 76, 80 ; Pleurocystis,

379 ; see also madreporite.

hypostereom, Dendrocystis, 54, 56.

Illaenus howmanni, 6.

insignis, Cheirocrinus, 307, 308, 601.

"intake," 24; of Ceratocystis, 258; of Cothurno-

cystis, 225 ; see also subvective system.

integument, flexible, 604, 605 ; of Cothurnocydis,

163, 168 ; of C. curvata, 217 ; of C. elizae, 191.

internal anatomy, Ceratocystis, 258 ; Cothurnocystis,

241.

interruptus, Gheirocri7ius, 303, 307, 308, 336, 337,

560, 564, 577, 601, PI. iv. f. 48, tf. 59.

Irregularia, 264, 265, 266, 577.

ites, termination, 11.

Jaekel, O., passim.

"Stammesgeschichte," 268.

Jaekelocystis, 281.

jamesi, Acanthalepis, 309.

Jones, 0. T., 447.

Katzer, F., 7, 615.

Keisley Limestone, 7, 467, 559.

Kildare Limestone, 7.

Killey Bridge beds 7, 467.
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Kirk, E., 37, 369, 370-372, 374, 385, 414, 583,

584,595,597,599,603,612,615.

Kirkfield, Ont., 405, 406, 410, 413.

Kirkfield Limestone series, 157, 406.

KiTCHiN, F. L., 12, 447.

knobs, Cothurnocystis, 165, their function, 234;

C. elizae, 188; C. curvata, 213; Dendrocijstis

scotica, 142, 593.

Kuckers, Esthland, 151.

beds, 42.

lagenula, Balanocystites, 26, 28.

Lamansky, W., 288, 615.

Lamarck, 72.

Lankbster, E. Ray, 615.

Lapworth, C, 6, 615.

"left," 22, 23, 24, 25. ^

Lepadocrinus, 275, 281.

Lepadocystinae, 275, 281.

Lepadocystis, 269, 273, 275, 281, tf. 39: moorei.

Leptaena Kalk, 7, 559.

Leptaena : rliomhoidalis.

Leptocystis, 290 : fertlus.

leuchtenbergi, Cheiroerinus, 307, 308.

Glyptocystis, 307.

Lichenoides, 263.

Lingula sp., 467.

Llandovery, 446.

rocks, 4, 447.

Llangadoc, 446.

locomotion, of Dendrocystis, 583; in Pelmatozoa,

236 ; in Pleurocystis, 610.

logani, Cheiroerinus, 306, 307, 308.

Glyptocystites, 307.

longidadylus, Eocystis, 114.

LovKN, S., 615. '

Lower Ashgillian, 467.

Llandovery beds, 447.

Mudstones, 6.

Lyckholm beds, 7, 340, 559, 565.

Macconochie, a., 4, 8, 615.

Macrocydella, 263.

Macrocystellidae, 262, 263.

madreporite, Mitrocystis, 249 ; see also hydropore.

Malaise, C, 559, 615.

Malocystidae, 16, 18, 19, 262.

Malocystis, 355.

marginals, Cothurnocystis, 163; C. elizae, 175-187;

Dendrocystis, 48 ; Trochocystis, 246.

Marginata, 26, 32.

Marr, J. E., 7, 12, 449, 615.

Meekocystis, 269, 275.

Mercer co., Ky., 440.

mercerensis, Ple?irorystis,390, 438,459,551,552,577.

Mesocystis, 229.

mesostereom, Dendrocystis, 54, 55.

Middle Cambrian, 563.

migration, 614.

Miller, S. A., 348, 350, 362, 438, 443, 615.

Mimocystis, 263, 267.

MiQUEL, J., 43, 253.

Mitrocystella, 26.

Mitrocystidae, 26.

Mitrocystis, 26, 254, 358, 363.

modesta, Deutocystis, 114.

Montreal, 428, 431.

moorei, Lepadocystis, tf. 39.

morphology, relation to bionomics, 578.

of Cystidea, 578-614.
" mouth," 24.

mouths, Cothurnocystis, 169; C. elizae, 198; in

Ceratocystis, 258.

MuUoch Hill conglomerate, 6.

Mulloch Hill group, 4.

multidisjunct rhombs, 303.

multipara, Glyptocystis, 273, 289, tf. 38.

Museum Practical Geol., 444, 446, 447, 448, 449,

468, 615.

museums, see Bohemian, British, Chicago, Greifs-

wald, Mus. Practical Geol., Ottawa, Oxford,

Petersburg, Sedgwick, Stockholm.

Naungkangyi beds, 309.

nerve-centre, Cothurnocystis, 244.

Neumayr, M., 39, 68, 85, 358, 615.

Newton, E. T., 615.

Newton, R. B., 12.

Nicholson, H. A., 4.

Nikolskoja, 35.

nodosiis, Cheiroerinus, 307, 308.

Nolan, J., 615.

notched margin, Dendrocystis, 77, 78.

nutrition of Cothurnocystis, 225.

occidentalis, Trochocystis, 249, tf. 31 footnote.

Oklahoma, 566.

" oral aperture," 24.

orientation of Pleurocystis, 374.

ornament, Cheiroerinus constrictus, 317 ; C. inter-

rnptus, 344 ; Dendrocystis, 52, 53 ; D. srotica,

133; Pleurocystis, 402; P. anglica, 481, 483,

484; P. foriolus, 547, 549; P. gibba, 532;

P. procera, 498 ; P. quadrata, 515, 518 ; P,

rugeri, 460.

ornatus, Cheiroerinus, 307, 308.

Orthis sp., 467.

Orthoceras Limestone, 288.

orthogenesis, 580.

Ottawa, 405, 406, 410, 416, 422.
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Ottawa Museum, 406, 412, 424, 430.

outline of theca, Pleurocystis, 394.

Oxford Univ. Mus., 446, 447, 449.

Pagan, A., 449.

Pakenham, Ont., 405.

parabola, PhiUipsinella, 6.

paradoxica, Dendrocystis, 42, 43, 155, 562, 576,

tf. 13.

paradoxicus, Syrinfjocrinus, 42, 155, 576.

Paradoxides, 572 ; hypostome, 247.

Paradoxidian, 589.

paradoxus, see paradoxicus.

parietal pore, Pleurocystis, 379 ; see also gonopore.

parietal septum, Pleurocystis, 384.

Pascal, B., 383.

Pawlowsk, 288.

Peach, B. N., 4, 6, 8, 392, 567, 615.

pectinirhombs, reduction, 335, 347 ; relation to

gut, 606, tf. 45 ; Gheirocrinus, 298, tf . 46 ; C.

constrictus, 319 ; C. interruptus, 345, 346 ; in

Pleurocystis, 375, their number, 398, reduction

of, 555, compared with Cheirocrinus, 556, 557,

558, shape, 399 ; P. anglica, 476 ; P. foriolus,

542 ; P. gibba, 527 ; P. procera, 493 ; P.

quadrata, 508, 518 ; P. rugeri, 453.

pectinirhomb 11-12, Cheirocrinus, 602.

Pelmatozoa, Jabkel's classification, 15.

penniger, Cheirocrinus, 288, 293, 307, 308, tf. 40,

40 bis, 41.

Cyathocrinitis, 288.

pennigera, Glyptoeystis, 359.

Pentacrinoidea, 15.

periproct, enlargement in Cheirocrinidae, 596-606
;

enlargement and position, Cheirocrintis, 598-

604 ; C. constrictus, 321 ; Pleurocystis, 37 1, 380,

401, 553 ; extension of, 383 ; P. anglica, 479
;

P. foriolus, 545 ; P. gibba, 530 ; P. quadrata,

512; P. rugeri, 456.

periproctals, Cheirocrinus constrictus, 322 ; Pleuro-

cystis, 380, 400, 554; P. anglica, 458, 479;

P. foriolus, 546; P. gibba, 531; P. quadrata,

513, 518; P. rugeri, 457.

Perner, J., 12, 74, 92, 93, 110.

perneri, Ceratocystis, 255-260, tf. 33-35.

perturbatus, Bellerophon, 6.

Petersburg, 288, 339.

Academy, 35, 338.

pharyngeal clefts, 241.

PhiUipsinella parabola, 6.

Pilocystites, stem, 589 : priraitius.

Piroeystis, 72, 588 ; stem, 589.

Placocystif, 23, 25, 26, 245.

plate 5, Pleurocystis, 552.

plate 13, Pleurocystis, 370, 371.

TRANS. ROY. SOC. EDIN., VOL. XLIX. PART II

plate 23, Pleurocystis, 370.

plates, Cothurnocystis elizae, 192, 193; Dendrocystis,

50 ; D. barrandei, 97 ; Z). scotica, 133 ; D. sedg-

wicki, 114; Pleurocystis, 366, 540; P. anglica,

471, 484; P. gibba, 525; P. procera, 491 ; P.

quadrata, 506, 518.

Platycystites, 37, 562, 576 : faberi.

Plectambonites : sericea.

Pleurocystida, 363.

Pleurocystidae, 269, 362, 365.

Pleurocystid^es, 360.

Pleurocystiden, 358.

Pleurocystinae, 285.

Pleurocystis, 10, 269, 276, 278, 281, 348, 3^9, 559,

560, 565, 575, 577, 596; affinities, 352-365;

analysis, 366-374, tf. 60, 61; habit, 376;

history, 351 ; relation to sea-floor, 608, 609
;

species, British and American compared, 553
;

distribution, 390; key, 551: anglica, anti-

costensis, elegans, exornata, filitexta, foriolus,

gibba, mercerensis, procera, quadrata, robusta,

rugeri, squamosa.

Pleurocystis sp., 8.

podia, possible, in Cothurnocystis, 229, 230.

polymerism of stem, 584.

Pomeroy, 466.

pore-rhombs, distribution in Glyptocystidea, tf.

45.

primitius, Pi/ocystites, 589.

"proboscis," Dendrocystis, 69.

procera, Pleurocystis, 377, 390, J^86, 534, 551, 552,

577, PL V. f. 63, tf. 72.

Protocystites sp., 8 (footnote).

Prunoctjstis, 269, 281, 357.

Pseudocrinus, 269, 275, 281 ; relation to sea-floor,

595 : quadrifasciatUs.

Pulkowa, 288.

pyramidal is, Anomalocystites, 26, 28.

quadrata, Pleurocystis, 378, 380, 382, 383, 390,

499, 501, 534, 550, 551, 552, 553, 577, 609,

PI vi. ff. 69-74, tf. 73, 79.

quadrifasciatus, Pseudocrinus, 275.

Quarrel Hill beds, 467.

Quebec, 42, 156.

" radiate ridges," 402.

radiatus, Cheirocrinus, 294, 295, 296, 299, 307,

308, tf. 42.

Rafinesquina : siluriana.

Eamsay, a. C, 615.

" ratio plate 5," Pleurocystis, 397.

ratio, thecal, Pleurocystis, 396, 552.

Raymond, P. E., 406.

(NO. 6). 69
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rectal lobe, Pleurocystis, 383, 394 ; P. anglica, 475
;

P. foriolus, 541 ; P. gihha, 526 ; P. procera,

492 ; P. quadrata, 507 ; P. rugeri, 451.

reduction of pectinirhombs, Pleurocystis, 375,

377.

Reed, F. R. C, 6, 12, 309, 560, 615.

Regularia, 264, 265, 269, 577.

respiration, 227, 605 ; Pleurocystis, 556, 558 ; anal,

in Gotlmrnocystis, 238, in Dendrocystis, 590.

Reval, 288.

Rbtnolds, S. H., 449.

Rhipidocystidae, 16, 26, 34, 576.

Rhipidocijstis, 26, 31, 32, 34, 35, 36, 562, 569,

576 ; bionomics and morphology, 586 : gigas,

haltica.

Rhiwlas, 447, 454, 559.

Limestone, 7.

"rhomb-folds," 402.

Rhombifera, 10, 19, 261, 577.

rhomhoidalis, Leptaena, 467.

"rhomb-ridges," 402.

Richmondian, 565.

ridged plates, Dendrocystis, 52.

"right," 22, 23, 24, 25.

Riksmuseuni, Stockholm, 468.

Ringerike, 7.

rohusta, Pleurocystis squamosa var., 350, 390, 408,

409, 425, 577, tf. 66.

roots, Cheirocrinus, 305.

root-sacks, RMpidocystis, 586.

rossica, Dendrocystis, 42, 43, 82, 150, 159, 561,

576, 587, tf. 10-12.

rotation of Cothurnocystis, 240.

rugeri, Pleurocystis, 377, 378, 380, 383, 390, 392,

444, 44^, 464, 468, 470, 471, 472, 475, 476,

477, 485, 500, 534, 551, 552, 553, 577, 609,

PL V. ff. 57-59, tf. 69.

Russia, 7 ; see Baltic Provinces.

sagittal plane, 22, 593.

Saint Clair Limestone, 566.

Salter, J. W., 444, 447, 448, 451, 454, 458, 461,

477, 615.

Sambre-et-Meuse, 559.

sand, influence on Cystids, 559 ; on pectinirhombs,

558; on Pleurocystis, 611.

sanitary principles in Pelmatozoa, 232, 583,

591.

Saugh Hill group, 4, 5.

Schistes quartzeux, 559.

Schizocystis, 269, 281, 595.

Schmidt, F., 286, 288, 615.

ScHUCHERT, C, 565, 566, 615.

Scoliocystidae, 269, 272.

Scoliocystis, 269, 272, 281.

scotica, Dendrocystis, 42, 43, 45, 46, 47, 48, 53, 58,

59, 63, 73, 79, 80, 82, 127, 561, 570, 576, 593,

PL ii. ff. 10-25, tf. 9.

Scotland, 466.

sculptus, Cheirocrinus, 307, 308, 598.

Glyptocystites, 307.

Scyphocrinus, 586.

sedgiuicki, Cystidea, 41, 92.

Dendrocystis, 41, 43, 47, 49, 52, 53, 58, 59,

61, 63, 66, 74, 87, 107, 108, 149, 561, 576, 593,

PI. i. ff. 5-9, tf. 8.

Sedgwick Mus., Cambridge, 446, 447, 449.

sericea, Plecfambonites, 6, 467.

Shalloch Mill, 4.

shallow-water modifications, 613.

Sholeshook Limestone, 7, 467, 559.

"shoulder-angle," 395; Pleurocystis, 552.

Silurian Cystidea, relations to Ordovician, 614.

siluriana, Rafinesquina, 467.

Smith, B., 7, 467, 615.

Smith, W. R., 405, 416, 422.

SoLLAS, W. J., 12, 227.

Soluta, 26, 31.

"spannleisten," 402.

specialisation in shallow waters, 613.

Spencer, W. K., 8, 565.

" Sperrauten," 301.

Sphaerocystis, 269, 274, 281.

Sphaeronis, 559.

Springer, F., 155, 405, 615.

squamosa, Pleurocystis, 350, 369, 371, 380, 382,

385, 390, 403, 404, 437, 443, 551, 552, 553,

577, tf. 63-65.

Starfish bed, 6, 7, 8, 9, 129, 172, 210, 312, 340,

467, 488, 503, 522, 537; bionomic conditions,

580 ; Cystid fauna, 559.

Staurocephalus : glohiceps.

Staurocystinae, 269, 275.

Staurocystis, 269, 275, 281.

stem, evolution of, 589 ; rudder-action in Cothurno-

cystis, 240 ; Ceratocystis, 257 ; Cheirocrinus,

304, tf. 47 ; C. constrictus, 328-332 ; Cothurno-

cystis, 166 ; C. curvata, 216, 220 ; C. elizae,

200-206 ; Dendrocystis, 81-88, 584 ; D. bar-

randei, 103-10& ; D. paradoxica, 159; D. rossica,

154 ; D. scotica, 145-148 ; D. sedgwicki, 121-

125 ; Pleurocystis, 385-389 ; P. anglica, 482
;

P. foriolus, 548 ; P. gihha, 533; P. procera, 497
;

P. quadrata, 516 ; P. rugeri, 462 ; P. squamosa,

tf. 63, 64.

stereom, Cothurnocystis elizae, 194; Dendrocystis,

53 ; D. scotica, 134.

Stewart, J., 422.

Stockholm, Vetenskapsakademi, Riksmuseum, 468.

striatus, Cheii'ocrinus, 307, 308.
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Strohilocystis, 274, 281.

Strophomena : grandis.

strut, Cothurnocystis, 163 ; its function, 234, 244
;

C. curvata, 212 ; C. elizae, 174.

subvective system, Geratocystis, 258 ; Cheirocrinus

constrictus ; 324; Cothurnocystis, 169, 226;

C. curvata, 218; C. elizae, 195-198; Trocho-

cystis, 250, 252, 253.

sugar-loaf plate, Dendrocystis, 74 ; D. harrandei,

102 ; D. sedywicki, 120.

symmetry-plane of Heterostelea, 22, 25.

Syringocrhms : paradoxicus.

tag-process, Cothurnocystis, 164; its function, 235,

239; 0. curvata, 215; C. elizae, 189.

taxonomy of Cystidea, 576, 577.

tegmen, Cheirocrinus, 296 ; C. cojistrictus, 323.

terminology, 22-25 ; of Pleurocystis, 394.

tertius, Homocystitcs, 290.

Leptocystis, 290.

Tetracystidae, 264.

Tetracystis, 264, 281.

Tetraster : wyville-thomsoni.

theca, Ceratocystis, 256 ; Cheirocrinus, 291 ; G.

constrictus, 314; Cothurnocystis, 162-169;

Dendrocystis, 45 ; D. harrandei, 94 ; D. scotica,

131; D. sedgwicki, 112; Pleurocystis anglica,

469, 484 ; P. foriolus, 539 ; P. ^i66a, 524 ; P.

procera, 490 ; P. quadrata, 505, 518 ; P. rugeri,

450.

thecal openings, Dendrocystis, 76.

"thecal ratio," 396 ; Pleurocystis, 552.

Thecoidea, 15.

Thraive beds, 467.

Glen, 4, 128, 171, 209, 311, 339, 487, 502,

521, 536.

Tiaracrinidae, 262, 264.

Tirnaskea beds, 467.

toe-spine, Cothurnocystis, 164; its function, 235,

240; G. curvata, 213.

tongue-process, Cothurnocystis, 164; its function,

235, 239; C. curvata, 215; G. elizae., 190.

Trautschold, H., 67.

Tremadocian, 43, 561.

Trenton Falls, 306.

group, 441.

Limestone, 42, 157, 406, 411, 417, 422, 429,

559, 562, 565.

Trigtmocystis, 250.

trilohatus, Bellerophon, 6.

trilobite fauna, Girvan, 560, 568.

Trimerocystis, 281, 595.

Trinucleus : bucklandi,

Trinucleus nmdstones, 467.

Trochocystidae, 26, 30, 32, 260, 576.

Trochocystis, 25, 26, 30, 246, 358, 360, 563, 572,

592, 593 ; ancestor, 594 : harrandei, hohemica,

occidentalis.

Trochocystitidae, 26 ; see Trochocystidae.

Trubin, 41, 92, 109.

Trubsko, 41, 90, 93.

"tubus ventralis," 67.

Tyrone, 7, 466, 468.

Ulrich, E. O., 565, 566, 615.

Upper Lyckholm, see Lyckholm.

Upper Mudstones, 6.

variations, Pleurocystis quadrata, 517.

"vent," 24; Geratocystis, 258; Cheirocrinus,, 600;

G. constrictus, 322 ; Cothurnocystis, 167, 224

;

G. curvata, 219; C. elizae, 199; Dendrocystis,

73-75; D. scotica, 141-144; D. sedgwicki,

120; Mitrocystis, 249; Pleurocystis, 382; P.

anglica, 480; P. quadrata, 514; P. rugeri,

459; Trochocystis, 2^Q.

" ventral," 25.

Virginia, 37.

volborthi, Cheirocrinus, 307, 308.

Glyptocystis, 307.

" VoUrauten," 301.

Waagen, W., 615.

Wachsmuth, C, 155, 615.

walcotti, Cheirocrinus, 292, 307, 308, 601.

Wales, N., 7, 447.

S., 7, 446, 466.

Warburg, E., 7, 615.

Wbller, S., 566, 615.

Wesenberg, 288.

Limestone, 288.

Weskinde, 35.

Westrogothia, 7.

Wharfe, Yorksh., 446, 449.

Whitehouse group, 4, 568.

Wood, Elvira, 300, 615.

Woodland Point, 4.

Woods, H., 12, 449.

Woodward, A. S., 12.

wyville-thomsoni, Tetraster, 6, 8.

Zahorzan, 41, 47, 93, 109.

ZiTTEL, K. A. v., 39, 286, 356, 361,

615.

365,
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VII.—The Pterobranchia of the Scottish National Antarctic Expedition (1902 to

1904). By S. F. Harmer, Sc.D., F.R.S., Keeper of the Department of Zoology

in the British Museum; and W. G. Ridewood, D.Sc, Lecturer on Biology in the

Medical School of St Mary's Hospital, University of London. Communicated by

Dr J. H. AshWORTH. (With Five Text-Figures and Two Plates.)*

(MS. received February 15, 1913. Read March 17, 1913. Issued separately July 4, 1913.)

Introduction.

The genus Cephalodiscus was instituted by MTntosh for a species, C. dodecalophus,

which had been obtained by the Challenger Expedition. After the publication of

the full account of this species, by M'Intosh and Harmer (87) in the Challenger

Report, succeeding papers for nearly twenty years were all based on the original

Challenger material. The subject was in particular re-investigated by Masterman

in a series of papers (97\ 97^ 98, 99, 03). The Sihoga report, published by

Hakmer (05) in 1905, added three Oriental species to the genus. Schepotieff (05,

07, 08) devoted several papers to a further description of the Challenger material

;

while, more reccDtly (09), he has described an interesting new species, C. indicus,

from Ceylon. In 1906 Ridewood (06) described C. gilchristi from South Africa;

and in the following year he gave an account (07^) of the two species which had been

dredged by the Discovery Expedition ; and (07^) of the development of the plumes in

four species of Cephalodiscus. One of the Discovery species, C. nigrescens, had been

described two years earlier by Lankester (05), in a preliminary paper ; and Ridewood

( 1 2) has recently brought forward evidence to show that this species had been dredged

by the Erebus and Terror Expedition in 184 L or 1842. In 1907 Andersson (07)

added no less than six species to the genus, in describing the results of the Swedish

South Polar Expedition, though we give some evidence (pp. 559-563) to show that one

of them, C. insequatus, is synonymous with C. hodgsoni, which had been described

by Ridewood (07^) earlier in the same year, from the Discovery collection. The

most recent addition to the list of species has been given by Gravier (12), who has

published an account of C. anderssoni, a new species which was obtained by the second

French Antarctic Expedition.

Full references to the literature of the subject, up to the dates of the respective

publications, have been given in the works of Harmer (05), Ridewood (07^), and

Andersson (07). A general account of the group has more recently been given by

Spengel (12).

The characters of the coenoecium are so well marked that it appears justifiable to

* Published by permission of the Trustees of the British Museum.
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use them, as a rule, as a ready means of distinguishing one species of Cephalodiscus

from another. It is remarkable that what one would suppose to be the uncorrelated

efforts of the numerous zooids of a colony do in fact produce so uniform a result.

The comparison of larger series of specimens may perhaps show in the future that

the coenoecial characters are less reliable than they appear to be at present ; but the

fact remains that the common house of the colony has, as a rule, so distinct a character

of its own that it is difficult to believe that it cannot be used for systematic purposes.

It has thus been possible to distinguish the following subgenera of Cephalodiscus :

—

(1) Demiothecia, Ridewood (07^), in which the coenoecial cavity is continuous and the

zooids occur separately or in groups in any part of it, being free to wander about in it.

(2) Idiothecia, Ridewood (07^), in which each zooid, with a certain number of its

buds, occupies an independent tube-like cavity in the coenoecium.

(3) Orthoecus, Andersson (07), in which each zooid has a tube of its own, but

the tubes are free for the greater part of their length, instead of being embedded in

the common coenoecial mass as in Idiothecia.

The descriptions which have been published by the observers who have been

referred to above show that there is a singular uniformity of structure in the zooid

throughout the genus. In such fundamental characters as the three divisions of

the body, and their associated ccelomic cavities, the notochord, the proboscis-canals,

the collar-canals, and the gill-slits, there is practically no variation. The remarkable

character of the male C. sibogse, as described by Harmer (05), indicates that in that

species at least there is a striking sexual dimorphism. In those other species in

which both sexes are known there appears to be no essential difference between

the two sexes except as regards their gonads. An exception must, however, be made

in the case of C. inaequatus (probably = C. hodgsoni), where most of the female zooids

have five pairs of arms, while most of the males have six pairs (see pp. 560-562).

Making use of the coenoecial characters which have been mentioned above, it

appears to be possible to distribute the known species of Cephalodiscus among the

three subgenera there indicated, and in this way to separate species which it might

be hard to characterise from the structure of their zooids. But within a single sub-

genus it becomes necessary to rely more largely on the characters of the zooid ; and

the discrimination of species on anatomical grounds may offer considerable difficulty.

In the earlier accounts of species of Cephalodiscus some stress was laid on the

proportions of the zooid and of its stalk. This procedure has been criticised by

Andersson (07), who has had the unique opportunity of examining certain species in

the living state. When account is taken of the highly muscular character of the

zooid, and of the evidences of contraction afforded by wrinkling of the skin of

the stalk and other parts, it is easy to believe that Andersson's criticism is to a large

extent well founded. It may, nevertheless, be true that some weight may be ascribed

in certain cases, as in discriminating between zooids in a similar degree of contraction,

to features of this kind.
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The difficulty of finding reliable specific characters in the structure of the zooid is

increased by the fact that the material has as a rule not been preserved with any

special refinements of technique. The study would be greatly facilitated by being

able to make use of specimens which had been preserved in a fully extended condition.

It would then be comparatively easy to ascertain the number of the arms or plumes

with certainty. Under other circumstances this point, for instance, cannot always be

made out without the possibility of mistake. Even in a well-prepared series of

sections it is sometimes excessively difficult to count the arms, which may be cut in

planes most unfavourable for study. The method of dissection is capable of giving

valuable evidence ; but here, too, mistakes are not out of the question. There is

reason to believe that in some species of the genus the number of arms is variable

{cf. EiDEWOOD, 07^). It must also be remembered that in some cases the number of

the arms has been given as the result of the study of sections of a very small number

of individuals. The comparison of series of sections of the same species might

suggest differences which are really due to the degree of maturity or of contraction,

or to the planes in which the sections are cut. Some caution is thus necessary

both in making statements and in accepting those which have been made by other

observers.

It can hardly be doubted, however, that the number of pairs of arms does provide

a character which is of value systematically. Other characters which can be specially

relied on are probably :—the number of buds, whether few or many, which are borne

at any one time by the budding region of the stalk ; the presence of one or three

nerve-tracts in the stalk, as pointed out by FIarmer (05) and Andersson (07); the

presence or absence of deep pigmentation of the skin ; the shape of the operculum

or postoral lamella ; the size of the free ova and the structure of the embryos ; and

the mode of development of the arms in the buds.

Using some of these characters, the single species dredged by the Scotia may be

thus characterised :

—

Cephalodiscus agglutinans, n. sp. Colony massive, branching, somewhat resembling

that of C. nigrescens in the size of its branches, but the material of the coenoecium

includes large quantities of shells of Foraminifera, small fragments of shells of Mollusca

and spines of Echinoids, and rounded particles of slate. The pieces of colony vary in

size up to 100 or 115 mm. in greatest length, and 45 or 55 mm. in greatest breadth.

Cavity of the coenoecium in the form of a tubular labyrinth continuous throughout

(except for a few isolated septa), much branched in the interior, but the superficial

parts of the tubes are radially set, and open at a fairly definite angle (about 80°) to

the surface. Diameter of the peripheral tubes 1 mm. Ostia elliptical, size 1"2 by

•8 mm., each with a single thick lip or spine* projecting about 3 mm. beyond the

general surface. No peristomial tubes. Mean distance from the middle of an ostium

to the middle of the ostium nearest to it, 3 or 4 mm. ; at the free extremity of the

* The spines are broken off in the greater part of the material examined.
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branch, however, the ostia are more crowded. Length of zooids from the free ends of

the arms to the end of a fairly extended body, 4 '5 mm. ; length from base of arms to

end of body, 3 "2 mm. ; width of body, "8 mm., but if the body is much contracted its

width is that of the tubes, i.e. 1 mm. Arms usually nine pairs, but often fewer and

exceptionally more ; no end-bulbs with refractive beads. Stomach and the succeeding

U-shaped intestinal loop long. Females not known ; and no buds having more than

five pairs of arms have been found.

Material.

The specimens of Cephalodiscvs submitted to us for study were sent in six bottles,

five of which were of 2^ litres capacity, and the sixth of about half that size. This

material was dredged on December 1, 1903, and was obtained in a single haul on the

Burdwood Bank, to the south of the Falkland Isles (Station 346 ; lat. 54° 25' south
;

long. 57° 32' west; fathoms 56). The contents of the trawl on this occasion

amounted to about half a ton,* the largest and richest catch of the expedition ; and

the members of the staff worked up to two o'clock in the morning sorting and bottling

the specimens. All the Cephalodiscu.'i material was preserved in alcohol, and no

special measures were taken for killing the zooids in an extended condition.

CCENCECIUM.

The distinguishing feature of the present species, the agglutination of foreign

particles in the soft substance of the coenoecium, is apparent at a glance, and the

semitransparent or translucent appearance of the cnenoecium of other species of

Cephalodiscus is only to be detected in certain parts of branches where the

inclusions are more scanty than usual. The general appearance of pieces of colony

is whitish or whitish yellow, with dark spots which mark the ostia or openings

of the tubular cavities inhabited by the zooids (text-fig. 1, A and B). The branches

are massive, resembling those of C. nigreHcens in size and bulk. The substance of

the branch is weak and easily crumbled, the included shelly particles adding to

the weight and not adding to the strength of the coenoecium. A branch taken out of

alcohol and held horizontally in the hand by one end breaks across by its own weight.

The majority of the pieces of colony are about 80 to 90 mm. in length, and

oval in cross section, measuring about 30 mm. in the long diameter and 20 mm.

in the short diameter. Some of the small pieces measure about 70 mm. by 20 ram.

by 15 mm. The largest pieces measure about 100 to 115 mm. long, and have three

or even four branches. The total width of such branching pieces of colony is

45 or 55 mm. On Plate I. are represented five pieces which are the largest in the

whole collection and best suited for showing the characters of the branchings Since

these are drawn of the natural size, a detailed description of them individually is

* Report of the Scientific Results of the Voyage of the S.Y. "Scotia," 1902-4, vol. iv., Zoology, part i., Zoological

Log, 1908, p. 61.
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unnecessary. Most of the pieces of material show no branching, but resenible the

piece of which a photographic reproduction is shown in text-fig. 1, A.

The surface of the colony appears rough, and, if the ostia or openings of the tubes

are not clearly visible, does not differ much from the surface presented when a piece

is broken across (text-fig. 1, D and E). But in sheltered situations, as between the

branches of a piece of* colony, such as is shown in PI. I. figs. 1, 4, there are blunt

Text-fig. ].—Photograpliic reproduction of pieces of colony of C. agglutinans ; of the natural size. A, a piece broader at

the free end (uppermost in the figure) than iit the basal end, showing no branches ; B, a piece showing a branching into

two ; C, a longitudinal median section of a piece of colony ; D and E, transverse sections through a piece of colony. The

darker areas are the tubular spaces occupied by the zooids, the white specks are small pieces of shell included in the

ccencecial substance.

brownish processes or " spines " projecting to an extent of 3 mm. beyond the general

surface. Inspection shows that these are really the projecting lips of the inhabited

tubes, one to each tube, similar to the lips that occur on the surface of a piece of

C. nigrescens (07, pi. iv. fig. 1] ), but differing in being less regular in form. These spines

are built up by the superposition of solid caps of coenoecial substance upon the summit

of pre-existing spines, just as are the long spines of species of Cephalodiscus such as

C. dodecalophns, C. hodgsoni (07, pi. iv. fig. 21), and C. gilchristi (06, pi. iii. figs. 9,

10, 11), but they differ in not exceeding a length of 3 mm., and in being restricted in
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number, one to each ostium. They further differ in that they include shelly particles

(see text-fig, 3), although these are present to a less extent than in the general

substance of the coencBcium. They are fairly pointed at the extremities, although the

actual shape may be the result of the size and form of the included shelly particles,

and they broaden out at the base and curve round the ostium for about one third of

its margin. In protected situations the inhabited tubes are seen to widen out suddenly

as they reach the surface, and resemble very short funnels, and it is from the rim of

the funnel that the lip projects. This accounts for the distance between the spine and

the tube in the surface-view of the branch shown in text-fig. 2, B.

A careful examination of the outer surface of a piece of colony and a dissection into

the substance of the coenoecium between the tubes reveals the presence of broken

spines in association with the several ostia, and leads to the conclusion that the whole

of the surface of the colony is in the natural state provided with short lips or spines,

but that, owing to the rough treatment which the specimens must have experienced in

coming up in the trawl with a great weight of other specimens, their surface has been

scoured and deprived of the projecting spines, which are now only to be seen in their

full development in protected situations between branches which have not been broken

apart, as in PI. 1. fig. 1.

Of particular interest in this connection is the fact that although in C agglutinans

the zooids do not live in isolated tubes, but in tubes forming parts of a common tubular

system, the single lip or spine to each ostium is in other known species of Cephalodiscus

only met with in species of the subgenus Idiothecia {C. gilchristi, C. nigrescens, and

C. levinseni) and Orthoecus {C. solidus), whereas in the known species of Demiothecia

the spines are multiple, four or five being present around each ostium in the case of

C. hodgsoni, for instance.

The tubular cavities which open to the exterior, and in which the zooids occur, are

approximately 1 mm. across, and the average distance from the middle of the orifice

of a tube to the middle of that nearest to it is 3 or 4 mm., except at the free end of a

branch, where the tubes are more crowded. The walls immediately bounding these

cavities are composed of a thin layer of yellowish-brown coenoecial substance, much

tougher than the jelly-like albuminoid that tills in the intervals between the tubes and

makes the whole so compact. The tubes proper do not include in their walls any of

the foreign bodies that give to the coenoecium of this species its characteristic appear-

ance ; but some of the shelly particles of the softer material of the coenoecium are so

tightly fixed to the outer surface of the tubes that in dissecting a branch the tubes are

liable to be torn in the attempt to remove the particles.

The tubes in the outer part of a piece of colony are fairly uniform in diameter (one

millimetre), except at the junctiou of two tubes, where irregularities in shape and size

may occur. A longitudinal section of a branch shows that the peripheral parts of the

tubes are not set at right angles to the surface, but slope somewhat towards the free

end of the branch (see text-fig. 1, C). In the middle of the piece the tubes are very
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irregular in their disposition, but the cavities may still be termed tubular in spite of

irregularities in their shape.

The internal tubular system is continuous throughout the whole branch, and if it

were not for probable resistance offered by other zooids one could conceive of a zooid

travelling internally from any one part to any other part of the system. In the middle

portion or core of a branch the tubes not only exhibit branching, but here and there a

complete tubular circuit can be seen, as is shown at h, h, b, b in the diagrammatic text-

fig. 2, A. The existence of such continuous circuits is explained by the part of the

circuit nearest the base of the branch being due to the bifurcation of a tube during an

early stage of the growth of the branch, when this part occupied an apical position
;

whereas the part of the circuit farthest from the base of the branch is due to the bury-

ing of a superficial groove that connected two young ostia at a time when this part

of the branch constituted the apex. There can be no doubt, from a study of the apex

of a branch, that growth is apical. The tubes that open to the surface at the apex are

much shorter and closer together than in other parts of the branch, although of the

same diameter. Evidence of the branching of a tube at the apex is forthcoming, and

also evidence of the enclosure of a superficial groove between two young ostia, such as

produces the continuous circuits above referred to.

The ostia show on the surface of a piece of colony as dark areas, due partly to the

fact that one is looking into a tubular cavity, and partly to the fact that the actual wall

of the tube does not contain the shelly particles that make the softer substance of the

coencecium so white in colour. In rare cases in the material studied the zooid occupy-

ing a peripheral tube could be seen without cutting into the branch, but in most cases

the zooids had all retreated into the middle parts of the tubular system, and had become

entangled and intertwined with one another. The ostia proper are slightly funnel-shaped

and oval, measuring about r2 mm. in long diameter and "8 mm. in short diameter,

whereas the tube itself is roughly circular in section, and of about 1 mm. diameter.

So far as can be seen from the study of the surface in protected parts between two

branches that have not broken apart, the tubes do not project beyond the general sur-

face, as "peristomial tubes," in the manner of the tubes of C. levinseni (05, pi. ii. fig. 11)

and the tubes in certain parts of the colony of C. nigrescens (07, pi. iii. fig. 5), and this

conclusion is supported by a study of the short tubes at the free extremity of a branch.

The filling up of the intervals between the new tubes seems to take place pari passu

with the additions made to the mouths of the tubes themselves. (Incidentally it may

here be mentioned that the " habit " or " facies " of a colony of Orthoecus difi'ers from

that of a colony of Idiothecia owing to the peristomial tubes of the former being of

extraordinary length ; indeed, in C. varus the whole colony consists of peristomial tubes

with only a small amount of softer coenoecial substance binding the blind ends of the

tubes together.)

The distinction between the sub genera Idiothecia and Demiothecia was drawn in

1907 (07 \ p. 7) because the isolation of the zooids in separate tubes in the coenoRcium
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of the species grouped in the former subgenus appeared to be of systematic importance.

The study of the present material, however, goes some way to break down the distinction.

In Ceplialodiscus agglutmans the internal system of spaces in the coenoecium is con-

tinuous throughout (except for occasional septa, see below), and zooids can move fairly

freely through the system, as may be seen by the manner in which they have retreated

to the internal parts of the branches in the material under consideration. So far as one

can judge from a study of pieces of colony preserved in alcohol, the growth of a branch

in a species of Idiothecia is by the buds (or possibly larvse) settling at the apex of the

branch, and each secreting a tube of its own, independent of those already existing,

whereas in the present species the (presumably young) zooids at the apex secrete tubes

continuous with the existing system of spaces within the branch. But C. agglutinans

differs from all known species of Demiothecia in having long tubes, i.e. spaces of

approximately even calibre extending for considerable distances ; for in the recorded

species of Demiothecia there is a single irregular branchirig cavity in the interior of the

piece of colony, and this opens abruptly to the exterior here and there on the surface of

the branch, or by means of very short tubular passages (see C. hodgaoid, 07\ pi. iv.

fig. 22).

The disposition of the tubes within a branch of the colony may be studied by dis-

secting away the soft part of the ccenoecium and the included shelly particles, but the

process is laborious and not altogether satisfactory in other respects. Much better

results can be obtained by decalcifying a branch in a 1 per cent, solution of nitric

acid for ten days or a fortnight, and then bisecting the branch lengthwise and dissect-

ing out such of the tubes as are laid bare. The process of decalcification removes all

the shelly particles, and leaves only the grains of slate (see p. 542), which are not

numerous and can be easily picked out. The piece of colony after decalcification is of

a dirty brown colour, and is translucent, without the opacity and whiteness which is

such a marked feature of the coenoecium before it is placed in acid. In text-fig. 2, A,

is shown a diagrammatic representation of the cut surface of such a bisected branch.

(Compare this with the diagrammatic longitudinal section of a branch of C. nigrescens,

in 07\ pi. iv. fig. 10.)

This diagram (text-fig. 2, A) explains the main features of the tubular passages of

the coenoecium. It shows that in the most superficial parts the tubes are fairly straight,

and of uniform diameter, and that they slope more or less radially outwards and incline

somewhat towards the apex. The tubes in the middle are irregular in their arrange^^

ment, but on the whole are set at a uniform distance from one another. What appear

to be blind ends of tubes at d and d' are merely parts of tubes that are cut across

obliquely because they are leaving the plane of section.

In some of the passages, especially in the more basal parts of a branch, as at s and

s', there are thin concavo-convex partitions or septa, sometimes two or three in close

succession. These septa, however, are not common. Their concave faces may be

directed towards the apex of the branch, as at s', or away from it, as at s.
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In the apical region of a branch, as shown in the upper part of text-fig. 2, A, the

ostia are closer together than on the sides of the branch, and the tubes that open to

the exterior are much shorter than elsewhere ; but the tubes are of the same calibre as

in the other parts of the branch. The substance of the coenoecium is more delicate

and the lining of the tubes thinner and less brown in colour than in other parts, and

the tubes have no spines. These circumstances lead to the conclusion that the growth

in the length of a branch takes place at the apex.

Text-fio. 2.—A , a diagrammatic longitudinal sectioB of a branch of C. agglutinans. a, a short peripheral

tube at the ajjex of the branch ; b, b, b, b, a jiart of the inner tubular system showing a complete open

circuit ; c, coenoecial substance, a soft albuminoid with shelly particles included ; d, d', parts of tubular

passages cut obliquely : they are not blind ends ; I, lip or spine set at the opening of a peripheral tube
;

s, s', thin concavo-convex septa set across the tubes. Approximately x IJ. For further explanation

see the text, page 538.

B, a stout branch of C. agglutinans with the ostia and their spines or lips indicated over a jjortion of

the surface The tube-openings are shown in black : the oval and crescentic areas represent the broken

bases of spines, a, a', spines situated on the side of the tube towards the apex of the branch ; b, b',

spines situated towards the basal side of the tube ; c, c', spines more or less lateral in position
;

s, s', spines with no tubes alongside them. Approximately x 1^. See text, p. 541.

In the case of species of Idiothecia and Orthoecus it may be surmised from a study

of the characters of the tubes of the coenoecium that young zooids, on separating from

the stalk of the parent zooids, migrate over the surface, and settle down, in the case

of species of Idiothecia* at the apex of the branch, and in the case of species of

Orthoecus at the margin of the colony-mass. In C [Demiothecia) insequatus,

* Except in G. indicus (Schepotiepf, 09), about which we know too little to be able to speculate upon the rnode

of growth of the colony.
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Andeksson has actually seen living zooids creeping over the surface of the ccBnoecium

(07, p. 7).

In the case of C agglutinans the state of preservation of the material does not

enable us to conclude with certainty that each superficial tube opening to the surface

was inhabited by a single zooid and its set of buds, but the probabilities are much in

favour of this. The even calibre of each tube that opens to the surface points to its

gradual growth outwards, as the branch thickens, being the work of a single zooid, as

in the case of species of Idiothecia and Orthoecus. There would, therefore, be in any

one piece of colony approximately as many fully formed zooids as there are ostia.

What occurs in the middle part of the tubular system it is not easy to conjecture

;

these parts can scarcely be inhabited in the ordinary sense of the term, since there is

probably in the deeper tubes no circulation of sea-water such as would suffice for

nutrition and respiration of zooids living there. One must conclude that these internal

tubes are rather in the nature of deep retreats for the zooids in time of danger, and

that when conditions of life are favourable and all the full-grown zooids have their

proboscis and arms, and perhaps the whole of their body except the stalk, projecting

out of the mouth of the tube, the inner part of the tubular system is empty, or serves

only as a safe situation in which the young buds may grow.

When a bud is so far grown that it severs its connection with the parent and

wanders off on its own account towards the apex of the branch to settle down as an

independent zooid with a peripheral tube of its own, it may possibly reach the apex

by the internal tubes, where, as suggested above, it would meet with but little resistance

from other zooids ; but it is much more likely that the young zooid takes a superficial

route to the end of the branch, as one must suppose a young zooid of C yiigrescens

does. But in the present case the young zooid on arriving at the apex does not com-

mence to form a new short csecal tube for itself, as is the case in C. nigrescens, but,

in conjunction with other young zooids like itself, elaborates the tubular labyrinth

already existing. At any one time one must suppose that every tube that opens upon

the apex has in it a single young zooid which is adding to the mouth of the tube to

increase its length, and is filling up with softer coenoecial material and shelly fragments

the interval between its tube and those around. A newly arrived young zooid would

therefore have to contend with some other zooid for the possession of a tube, and

what seems to happen is that a modus vivendi is arrived at by the two agreeing upon

a branching in an apical direction of what is at present a single tube. This, of course,

is but speculation, but it seems to be the most plausible conclusion from a careful study

of the form and disposition of the tubes at the free extremity of a branch.

In the older parts of a branch it would be interesting to know what happens to a

peripheral tube when the adult zooid dies. The probability is that the vacant tube

would soon be appropriated by some newly liberated bud or young zooid, either from

within or from without. In some cases, as is shown on p. 542, the vacant tube is

sealed up, but this is very exceptional.
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The life of a colony is apparently not indefinite, for some of the pieces of the Scotia

collection are " dead," i.e. no zooids at all are to be found in them. The tubes are

either empty, or are occupied by a powdery brownish black mass, which, judging from

its colour, may possibly consist of the products of decomposition of zooids. Among

this debris are numerous specimens of a Tanaid Crustacean, of which no adult males

have been found, so that the determination of the species is difficult. The specimens

have been submitted to Mr T. V. Hodgson, who will doubtless refer to them in his

report upon the Tanaidacea obtained on the Scotia Expedition.

The spines represented in text-fig. 3 show the mode of their construction by the

superposition of successive caps of coenoecial substance and the inclusion of foreign

particles in these caps. Each fragment of shell is, of course, embedded in the particular

increment that was being applied at the time that the fragment was picked up, and

consequently it may cause a distortion of the surface of that particular cap, and the

Text-fig. 3. —Three spines showing the successive caps of coenoecial substance and the foreign

particles included.

subsequent one, but it does not project into the preceding, more basally placed cap.

In text-fig. 3 it might appear in certain places as though the particle were pro-

jecting into the cap below it, but this effect is produced by the particle and the

optical section of the cap drawn in the figure being in different planes ; the particle

is more or less behind or in front of the median longitudinal section of the spine.

The diagrammatic text-fig. 2, A, shows that, except at the apex of a branch, the

lip or spine at the edge of the ostium may be situated towards the apex or towards the

base of the branch, or more or less laterally, and that it has not the regularly basal

position that it has in C. nigrescens (07\ pi. iv, fig. 10). This irregularity is illustrated

further in text-fig. 2, B, which represents the carefully drawn details of a part of the

surface of a stout branch. Owing to the fact that most of the spines on the surface

of a piece of colony are broken off short, it is necessary to dissect into the substance

of the coenoecium to see the relation of the spine to the ostium. In the portion dis-

sected it will be noticed that the spine is situated towards the apical end of the branch

at a and a', but towards the basal side of the ostium at h and h', and it is laterally

placed at c and c'. The spines broaden out as one dissects into the branch, and can

be traced along the tubes for about a centimetre, when they cease to be distinguishable
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from the soft general material of the coenoecium. This is in conformity with what

one sees at the apex of a branch, where the very young tubes have no spines (text-

fig. 2, A).

The part drawn in text-fig. 2, B, shows four spines which have no ostia alongside

(e.g. s). Three of these spines did not reach the surface, but had been buried over

during the increase in the thickness of the branch. Occasionally, but rarely, a buried

spine is found to have a closed-up tube by its side. Such an occluded tube is closed

by a thin, curved partition, such as is seen in some of the inner tubes (as at s and s' in

text-fig. 2, A), the convexity in the present case being towards the outer surface ; and

over this and also over the spine the soft material of the coenoecium is deposited

uniformly. One must suppose that in this case the tube was not occupied at the time

that the zooids in the immediate vicinity were lengthening their tubes and filling in

the intervals between them, and that the septum was formed subsequently from

within. The relations of the spine alongside the occluded tube, and the succession of

caps composing the spine, prove that the blind end of the tube is a closed-up ostium,

and is not the initial end of a tube, blind from the commencement, such as one sees in

the middle part of a branch of C. nigrescens (07\ pi. iv. fig. 10).

Although the present species is denominated C. (ujglutinans, from the manner in

which the zooids have embedded great quantities of shelly fragments in the material of

the coenoecium, the habit is not peculiar to this species, for Harmer has stated in his

account of the new species which were obtained on the Sihoga Expedition (05, p. 8),

that the coenoecium includes foreign particles as a rule, and that they are specially

obvious in C. sihogw (05, pi. ii. fig. 17, 18). Andersson quotes as one of the characters

by which C. solidus is distinguishable from C. varus, that the tubes are encrusted with

sand, diatoms, etc. (07, pp. 11, 12) ; and he further states that the tubes of C. densus

are covered with sand-grains. Gravier, again (12, p. 2), says that in C. anderssoni

(which, if not synonymous with C. densus, is very closely allied to it) sand-grains and

shells of Foraminifera resembling Polystomella adhere to the outer face of the tubes,

and are even incorporated in the substance of the wall. The basal parts of the pieces

of colony of C. nigrescens are also known to contain fragments of shells (Ridewood,

12, p. 551, Specimen C).

The inclusions in the coenoecium of C agglutmans are present in such quantity as to

make the branches of the colony much more readily crumbled and broken than are those

of C. nigrescens, which in general massiveness bear some resemblance to the branches

of the present species. The particles included are mostly calcareous, and disappear

when a branch is soaked in a 1 per cent, solution of nitric acid for ten days or a

fortnight. The only foreign particles remaining after this treatment are some rounded,

dark grey, or blackish grains, which Dr J. W. Evans, Mineralogist of the Imperial

Institute, has been good enough to examine for us. He reports that they are water-

worn grains of slate. They mostly vary in size from "3 to 1 mm. in diameter, but one

was found as large as 6 mm. across. A few of them are paler in colour, and softer,
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than the majority, and are nearly white when dry ; these are grains of slate more

decomposed than the others.

While the slate-grains are all rounded and water-worn, the calcareous inclusions

are remarkably free from signs of attrition. Delicate shells of Foraminifera, minute

bivalve Molluscs, extremely thin, and with the two valves still in their natural relation,

pieces of Echinid spines, and portions of Polyzoan colonies occur in a remarkably fresh

and undamaged state, and can be picked out clean from the soft albuminoid material

of the coenoecium. Among the other inclusions one can recognise pieces of fairly large

Lamellibranch shells, fragments of Gastropod shells, and pieces of Serpulid tubes.

These broken pieces of shell show sharp edges in the great majority of cases, but a few

are rounded. The fragments are, many of them, but little larger than the shells of the

Foraminifera, but most are from "5 to 1 mm. in longest diameter. The largest pieces

picked out were 8, 10, or 12 mm. long.

The included particles are all clean and free from mud, and from their even

disposition in the coenoecium one is tempted to conclude that they have not drifted

by accident against newly secreted coenoecial material which has not yet "set" or

hardened, but that the particles are definitely selected by the zooids and built into the

wall of their colonial residence, somewhat in the manner in which the arenaceous

Foraminifera form their shells, and the larvae of the Caddis-flies their tubes ; and

similar instances might also be quoted from among the tubicolous Polychset Worms

and the Rotifers.

The inclusion of foreign particles is not always uniform in the same piece of colony.

It frequently happens that one side of a branch is whiter than the other, and a longi-

tudinal section shows that the whiter half has more calcareous particles embedded than

the other, and fewer tubes.

The pieces of colony brought home by the Scotia are too fragmentary to enable

us to draw any conclusions as to the total dimensions of a colony of C agglutinans.

None of the pieces show at their basal ends any signs of an area of attachment to a

solid substratum, and while each of the larger pieces, such as are figured in PL L,

may be a separate colony, it is just possible that they may be portions of a large

branching colony. This is rather suggested by all the zooids found being males, and

by the fact that all the buds are in about the same stage of development—namely, very

young buds, up to buds with four pairs of arms : only two buds were found having as

many as five pairs of arms. There is, however, no evidence of the existence of stouter

branches than those shown in PI. 1., such as would be capable of sustaining the great

weight of the specimens in question, and, further, it must not be overlooked that the

shelly fragments in the coenoecium add to the weight of the branches without adding

to their strength, and this may impose a limit to the size of an individual colony.

There is yet. however, a further possibility that the whole colony may consist of a

broad, plate-like part closely adherent to some other object, and that from this tliere

may stand up a forest of pieces such as are figured in P]. I. The trawl in passing over



544 DR S. F. HARMER AND DR W. G. RIDEWOOD ON THE

such a colony would snap off several of the upright pieces, but would not dislodge the

basal plate. This view of the constitution of the colony is supported by the fact that

the diminutive colony of C. sibogse is composed of a basal encrustation growing on a

stone, and a series of upstanding pieces (05, p. 13, and pi. i. fig. 2).

External Appearance of the Zooids.

The Scotia specimens are, unfortunately, in a rather poor state of preservation.

In many cases the zooids had obviously retreated, on being killed, into the deeper

recesses of the coenoecium, where they did not come properly into contact with the

preserving fluid. The result is that they are usually in a highly and often very

irregularly contracted state, and their tissues are a good deal macerated. They are

frequently in closely aggregated and deeply pigmented masses, which have somewhat

the appearance of the zooid with its buds of C. nigrescens shown by Ridewood (07\

pi. iii. fig. 7). They are, in fact, more similar in external appearance to the zooids of

that species than to those of any of the species of Demiothecia previously described.

In well-extended and fairly straight individuals the average length from the end of the

metasome to the free ends of the arms is 4 "5 mm., the length from the end of the

metasome to the bases of the arms about 3 '2 mm. The thickness of a zooid is

about '8 mm.

The zooids are, however, probably all shorter than they would have been in their

fully extended condition, since the wrinkling of the skin indicates a strong contraction

of the muscles, particularly of the longitudinal muscles of the anterior side of the

metasome and of their continuation into the stalk.

All parts of the epidermis contain a dark pigment, so that the zooids have a deep

brown or black colour in the preserved material. It is obvious that the pigment is

not completely dissolved out by alcohol ; but it is probable that its diffuse arrangement,

as seen in the preserved specimens, does not represent the exact disposition during life.

This is suggested by the comparison of sections of certain individuals of C. nigrescens

[Discovery Expedition) which had been preserved with special care with sections of

zooids which had not been so treated (see also p. 550). The former series show pigment-

granules in sharply restricted areas (cf. Ridewood, 07\ pi. v. fig. 28), while the latter

show a diffuse arrangement, suggesting that the pigment had been partially dissolved

out, and then redeposited as a general staining of the tissues.

Proboscis.

The proboscis or buccal shield of the zooids in the material brought back by the

Scotia is in such a poor state of preservation that it is not possible to make a state-

ment as to its average shape and size. By an examination of whole zooids under a

dissecting microscope, sufficient can be seen to show that the proboscis offers no

exceptional features ; there is a main lobe, and a lower lobe, thinner than the main
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portion, and possessing the red line which is so curiously constant a feature in the

various species of Cephalodiscus. But the epidermis is hopelessly disintegrated in

most cases, and it is only in the buds that the proboscis is sufficiently well preserved

for its form and proportions to be adequately determined {PL II. figs. 1-4
; and

text-fig. 5).

As in other species of Cephalodiscus, the proboscis is a highly mobile organ, and

its parts appear in very varying positions in difi"erent individuals. It is shown in

the sagittal section, fig. 15, and in the frontal sections, figs. 6-10, of PL II.

PL II. fig. 14 represents a section which has cut the proboscis-stalk at its narrowest

region, and it demonstrates the two proboscis-canals (p-p.) in their usual relation to

the pericardium {per.) and the anterior dorsal horns (b.c.^a) of the collar-cavity.

Collar-region.

The principal parts of the collar are the arms or plumes, dorsally ; and the

operculum or postoral lamella, ventrally.

(i.) Tentacle-hearing Arms or Plumes.

The number of these structures is greater than in any of the species previously

described, since the full number appears to be nine pairs. This number is, however,

not quite constant, as is indicated below. The species which most nearly resemble it

in the number of their arms are the three species of Orthoecus [C. densus, C. rams,

G. solidus), which were described by Andersson (07), in which the number is stated

to be constantly eight pairs ; and C. nigrescens, in which the number is usually

seven pairs, although it may rise to eight pairs (Ridewood, 07^). None of the species

of Dem.iothecia which have been previously described have more than six pairs ; and

this is the commonest number in the subgenus in question.

The sections shown in figs. 6-1 1 of PL II. are chosen to demonstrate that nine pairs

of arms may really be present. They have been cut at right angles to the long axis

of the zooid, and therefore in a plane which has been described in the Sihoga

report (Harmer, 05) as "frontal."

Fig. 6 shows the first seven and the ninth arms of the left side, and the first seven

arms of the right side. The study of the entire series of sections shows that all these

arms except L.^ and E.^ are directed dorsally, in a line prolonging the main axis of the

zooid. The eighth and ninth pairs of arms could probably have assumed the same

general direction during life ; but they are actually lying in a position which makes

their interpretation more difficult than in the case of the first seven pairs.

In fig. 7, which is the eighth section from that represented in fig. 6, the first

seven arms of the left side are connected with one another. The lophophoral region of

the collar has, in this section, not yet split up into the separate arms. Four of the

membranous partitions which separate the arm-cavities for a short distance at their
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bases, and are formed by the "Grenzmembran," * are seen in this section. On the right

side the first five arms are similarly connected, but R.** and R.'' are already free. A
comparison of this figure with fig. 8 will show that the first right arm has its axis directed

more or less horizontally (or backwards) at the base, and that the arm then curves

dorsally to assume the position in which it was seen in fig. 6. On the left side of

fig. 7 the lophophore is about to separate from the rest of the collar, and the anterior

dorsal horn of the collar-cavity is cut nearly at its tip. On the right side most of the

lophophore is separated, in the section, from the rest of the collar, but the first arm is

cut in a plane parallel to its food-groove, at its base. As the two sides of the groove

are continuous with one another in an adjacent section, the difi'erence between the

two halves of the lophophore is thus not so great as it appears to be at first sight.

The food-grooves are obvious in all the arms except in L.^ where the groove has

opened out.

Fig. 8, which is eight sections further on, shows the dorsal parts of the collar-cavity

{h.c.') separated by a well-marked dorsal mesentery, at the ventral end of which lies the

notochord (ncJi.), followed by the pericardium [per.) containing the heart. Some of

the arm-grooves have disappeared. The eighth arm (L.*) is visible on the left side, and

the ninth arm (L.^) of the same side shows indications of joining the lophophore. The

relations of the first right arm (R.^) have been explained in describing the previous

section. The sixth right arm has joined the lophophore, but the seventh arm of that

side is still distinct.

Fig. 9 represents the tenth section from that showm in the preceding figure. The

eighth arm of the left side is now separate and is cut longitudinally, while the ninth

arm of the same side is cut in a plane parallel to its long axis, so that its two sides are

completely separated by the food-grove. It will be noticed that this arm, the last of

the series, is closely related at its base to the opercular lobe [op.l.) of the same side, On

the right side, R.'' has joined the lophophore ; R.^ is beginning to appear, although still

separated from the lophophore ; and the tentacles of R.^ are commencing to be visible.

Fig. 10, which is four sections further on, shows the last two arms of both sides,

both ninth arms being connected with the corresponding opercular lobe at their base.

Jn fig. 11, which is seventeen sections nearer the aboral end of the animal, the

eighth left arm has passed across the dorsal side to the right of the metasome, where

it lies close to the eighth right arm ; while the ninth right arm has passed across the

ventral side of the zooid. The section passes through the region of the gill-slits and

collar-canals. Parts of the gill-slits {g.s.) are seen, in the region of their external

openings and of their origin from the pharynx {ph.), on both sides of the section.

The left collar-canal appears as a single cavity, but the right canal is cut twice, the

two parts being connected by the strong muscle of the canal. The reason for this

appearance is that the organ has a concave outline on its dorsal side, where the section

* Spengkl, J. W., "Die Enteropneusten d. Golfes v. Neapel," Fauna u. Flora d. Golfcs v. Neajjel, 18 Monogr.,

1893, p. 452.
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passes. Part of the coelomic opening {c.c.i.) is visible in the figure, while a line

crossing the epidermis just outside the canal indicates the commencement of the

external orifice. On the dorsal side of the section are visible the two testes {t.L, t.r.),

with the genital mesenteries passing from the median dorsal mesentery (d.m.^) of the

metasome to the gonads. The left testis (t.l.) of this individual is large and functional,

but the right testis (t.r.), which is cut close to its external opening, has remained

undeveloped. It appears in only a few sections of the series, and it does not anywhere

reach a size much larger than is shown in the section under consideration. The

asymmetry of the gonads is to be regarded as an individual peculiarity of this zooid

(see also p. 553).

The demonstration of the number of arms, beyond the possibility of doubt, being

a matter of some importance, a plasticine reconstruction of this individual was made

according to the method described on p. 21 of the Siboga report (Harmer, 05).

A slight improvement was, however, introduced by drawing the sections on thin

drawing card ("Bristol board"). After cutting out the outlines drawn, the card was

covered with a layer of plasticine and was attached to the part of the model already

made. The cards representing the sections were left in situ in the model. The special

advantage of this mode of procedure is that the cut edges of the cards remain in the

model as a record of the outlines of the sections from which it has been constructed.

This obviates the danger of destroying the outlines of the sections when smoothing out

the intervals between two successive sections. If it should appear, moreover, that two

sections have not been fitted together in correct "registration," it is easy to separate

them at any time and to fit them together more accurately without losing the evidence

on which the model was built up. The study of this reconstructed model has enabled

us to obtain a clear idea of the position of the individual arms, of the parts of the

operculum, and of the arrangement of the gill-slits and collar-canals, with other features

of the zooid.

Making use of this evidence, the correctness of which can be estimated from the

figures (figs. 11-6), the following description of the arms may be given. It will, of

course, be understood that their position in the individual under consideration is to a

large extent fortuitous, and that during life the arms could undoubtedly have assumed

many other positions.

The first seven arms of both sides are directed dorsally, in line with the long axis

of the zooid. On the right side, however, the first arm passes at first posteriorly, at

right angles to the long axis, and then curves dorsally. On both sides the eighth and

ninth arms are in the main directed ventrally. The ninth right arm passes ventrally

from its origin, but soon curves across the ventral or anterior side of the zooid to assume

the position shown in fig. 11. The eighth arm begins by passing dorsally for a short

distance, and then doubles back sharply in a ventral direction. Fig. 10 represents the

arm at the point where this fiexure is taking place. It will be seen that the food-

groove faces posteriorly. The part which is marked R.^ represents the arm after the
TRANS. ROy. SOC. EDIN., VOL. XLIX. PART III. (NO. 7). 72
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flexure has taken place; and in the later sections of the series (fig. 11), the arm is

seen in transverse section as a continuation of the part marked R.^ The elongated

part which stretches from this region towards the ninth arm shows the food-groove

(R.®*) opened out and cut obliquely at or near its flexure.

The eighth left arm (figs. 11-8) also has its food-groove directed posteriorly; but

it lies in such a position that it is cut almost longitudinally as it passes across the

dorsal side of the principal part of the collar. The ninth left arm (figs. 10-6) at first

lies between the eighth arm of the same side and the region of the central nervous

system (figs. 10-8). It runs more or less horizontally near its base, but soon curves

dorsally, so as to appear even in the first section (fig. 6) which has been represented.

Although there are eighteen arms in the zooid which has thus been described in

detail, this number is not constant in the species. A series of selected zooids were

dissected and were found to give the results set forth below. It is possible, however,

that arms may have been lost in some of the zooids examined, either by accident

during life or as the result of violent contraction at the moment of preservation, and

that some margin of error may thus have been introduced into the table. The facts

as observed are as follow :

—

12 arms
13 „

14 „
15 „

16 „

17 „
18 „

19 „

Total

3 individuals . 3

1

3 ; : :}
^

11 : ; :J-
11

6 :
:

:]-
1 . 1

40 individuals . 40

If it may be inferred that in a zooid with thirteen arms, for instance, there were

seven arms on one side and six on the other, it follows that of the forty individuals

dissected there were only three which had less than seven arms on one side at least,

and these appear to have had six pairs. In four cases there were seven arms on one or

both sides ; in fifteen cases there were eight arms on one or both sides ; in seventeen cases

there were nine arms on one or both sides ; and in one case there were ten arms on one

side. Representing these as percentages, it follows that the observations indicate :

—

Total Number
of Arms.

Maximum Number
of Arms on

One Side.

Individuals. Percentages.

17 or 18

15 or 16

13 or 14
12

19

9

8

7

6

10

17

15

4

3

1

42-5

37-5

10-0

7-5

2-5

Total . 40 1000
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It results from these figures that 42 '5 per cent, of the zooids had nine arms on one

side at least ; while 80 per cent, had either eight or nine arms on one side at least.

We accordingly draw the conclusion that the typical number of arms, in this species,

is nine pairs, but that more than a third of the cases observed had a pair less ; while

a smaller percentage had seven, six or even ten arms as the maximum number on

one side.

Text-fig. 4.—Arms of Cephalodiscus agglutinans. A, an arm well extended ; B, an arm in a

moderate state of contraction ; C-E, terminal portions of aims.

The number of tentacles or pinnules on an arm of a full-grown zooid is usually

between thirty-five and forty-five pairs, but in some instances the number may be

fifty pairs, and in younger zooids the number is less than thirty-five pairs.

It is difficult to say with certainty whether the dorsal epidermis of the axis of the

arm is thick and black in C. agglutinans, as it is in C. nigrescens, because in most

cases the epidermis has disintegrated, and there is more than a susj)icion that in those

cases in which the epidermis is still present the pigment-granules, which might have

been present in them, have become bleached. This suspicion is founded upon the fact
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that in the Discovery material some of the pieces of C. nigrescerts were carefully fixed

in Perenyi's fluid and some in picric acid solution, but most of the material was

preserved in 5 per cent, formalin ; and in slides made from the former material (fixed

in Perenyi's fluid), the pigment is strongly marked (Ridewood, 07\ pi. v. fig. 28),

whereas in sections prepared from the formalin-preserved material, the thick dorsal

epidermis is not darker than the other parts of the section. The material of

C. agglutinans was preserved in alcohol and not in formalin, it is true, but the

preservation is not good, and the appearance of the large cells on the dorsal surface

of the axis of the arms seen in paraffin-prepared serial sections is remarkably like that

in the sections of the formalin-preserved zooids of C. nigrescens.

The dorsal epidermis of the arras of C. agglutinans is least disintegrated in contracted

arms, and in the arms of fairly young zooids having but twenty-five to thirty-five pairs

of tentacles. Text-fig. 4, A shows the appearance of a well -extended arm, and B an arm

in a moderate state of contraction. The terminal part of the arm has no end-bulb

with highly refractive beads such as distinguish the arms of C. dodecalophus (MTntosh,

87, pi. iv. fig. 1
;

pi. V. fig. 1 ; and RiDEWOOD, 07\ text-fig. 1, p. 4) and C. hodgsoni

(07\ pi. V. fig. 32). In extended arms the extremity is bluntly pointed ; in contracted

arms it is rounded and even hemispherical. Some terminations better preserved than

usual are shown in text-fig. 4, C-E (cf. C. nigresceyis, 07\ PI. v. figs. 23-27).

(ii. ) Operculum or Postoral Lamella.

The interpretation of the sections shown in figs. 8-11 is at first sight by no

means easy, so far as the operculum is concerned. The study of the plasticine

reconstruction has, however, enabled us to come to a clear conclusion as to its general

form. It is seen to be deeply emarginate in the middle line, and the median sagittal

sections examined thus show only a feebly developed lower lip [e.g. fig. 15, op.).

On either side of the mouth, however, the operculum is produced into a large lateral

lobe, a great part of which is free. The comparison of this series with other series

of sections, and with what is known of other species of Cephalodiscus, shows that the

operculum is a highly mobile organ, the parts of which can assume very difierent

positions at the will of the zooid. In the specimen under consideration the right

lobe {op.r.) is directed in the main dorsally (figs. 10-8), while the left lobe is sharply

reflected ventrally, close to its origin from the collar. Figs, 10 and 9 cut this left

lobe at or near the point where the flexure takes place. A consideration of fig. 9

will show that if the lobe of the left operculum (op.l.) nearer to the proboscis be

imagined to have been unbent, so as to pass in a dorsal direction as a prolongation of

the part of the operculum of the same side which is nearer the central nervous

system, it would not have appeared in fig. 9 ; and the two sides of the section would

have been fundamentally similar. If the zooid had died with the left lobe in the

position indicated, both lobes would have appeared in fig. 8 in the position actually
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seen on the right side. This section shows the large right lobe of the operculum in a

region where it is free from the rest of the collar. The species appears to be charac-

terised by having these free lateral lobes of the operculum well developed. It may

be supposed that the size of the lateral lobes is to some extent correlated with the

number of the arms ; since it can hardly be doubted that one of the most important

functions of the operculum is to help to convert the ventral grooves of the arms into

channels leading the food to the mouth. A large development of the arms would

accordingly require a corresponding development of the opercular lobes, which, during

the act of feeding, would presumably be thrown into the position seen on the right

side in fig. 8.

Comparison with other species of Cephalodiscus in this respect cannot be

attempted very satisfactorily, but it may be noted that the operculum of C. hodgsoni,

figured by Ridewood (07\ pi. vi. fig. 53), has a close resemblance to that of

C. agglutinans, here described. Except with the aid of solid reconstructions, which

have not been made in many cases, it is often difficult to ascertain the exact form of

this organ ; but it may be remarked that in C. gracilis, of which a plasticine reconstruc-

tion has been figured in pi. iii. fig. 25, of the Sihoga report
.
(Harmer, 05), the

operculum is hardly emarginate in the middle line, and has no special development

of its lateral lobes. The arms in that species are comparatively few, only five being

present on each side.

Two further points may be noted with regard to the operculum of C. agglutinans :
—

(a) The last arm of each side is continuous with the corresponding opercular

lobe, as in other species of Cephalodiscus (cf. Harmer, 05, pp. 31, 36 ; and Ridewood,

07\ p. 229). This is sufficiently illustrated by fig. 10.

(h) The free edge of the operculum is more or less scalloped, as is indicated by

fig. 11, where two of the end-lobes are cut separately. Evidence that the edge has

this form has also been obtained in some of the dissected specimens. The same

character has been figured by Ridewood (07\ pi. vi. fig. 53) in C. hodgsoni.

(iii.) Collar-canals.

These structures agree in general form and position with those of other species of

the genus. Seen in side view the ventral outline is very convex, while the dorsal

outline may be concave. In a frontal section of the zooid (fig. 11), a collar-canal

which is cut near its dorsal side may appear as two separate parts. The inner part

{c.c.i.) opens into the collar-cavity, while the two parts of the tube are connected by

the strong collar-muscle. The epithelium of the canal is much thinner on the dorsal

side than it is ventrally ; and it is reasonable to suppose that it is more flexible there.

The muscle would thus seem to have the function partly of dilating the ccelomic

opening and partly of acting in antagonism to the prolongation of the principal

muscular mass of the metasome ; which, as shown in the sagittal section, fig. 16, ms.,
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ends in close relation with the collar-canal {c.c.i.). The modus operandi of the collar-

canals has previously been discussed by both of us (Harmkr, 05, pp. 41-46 ; Ridewood,

07, pp. 41-43).

Gill- SLITS.

The gill-slits (PI. II. figs. 5, 11, g.s.) agree closely with those of other species of

the genus. In the individual represented in figs. 6-11, the external openings of the

gill-slits are seen from the plasticine reconstruction to lie in strongly marked

longitudinal grooves, each of which occurs nearer to the middle line of the anterior

wall of the metasome than the external opening of the corresponding collar- canal.

These grooves are, however, probably the result of contraction at the moment of

death. They can be traced along the metasome for a considerable distance, in an

aboral direction, beyond the collar-pores. The walls of the gill-slits are composed

of vacuolated epithelium (Masterman's " pleurochords "), as in other species of

Ceplicdodiscus.

Alimentary Canal and Notochord.

The great length of the intestinal loop, which commences at the stomach and is

situated in the cascal end * of the metasome has been alluded to above in describing

the distinctive features of this species. It is well seen in the dissected specimen,

fig. 12, and in the sagittal section, fig. 16. In both figures the metasome is probably

shortened by muscular coutraction ; and in its full state of extension the folds seen in

the figures would have probably disappeared. Owing to the length of this part of

the alimentary canal, the stomach (stom.) is separated by a considerable interval from

the csecal end of the metasome—a character in which the present species resembles

C levinseni. In one individual which has been examined, the intestinal loop contaius

a number of Diatoms and other microscopic organisms, and many Sponge-spicules.

The notochord [nch.) is seen in sagittal section in fig. 15 ; and as shown by this

figure, as well as by figs. 8-10, it has a well-developed lumen.

Gonads.

Every individual in which the gonads have been examined has proved to be of the

male sex. Although the amount of material at our disposal has been large, it was all

dredged at one time, and there is nothing to forbid the assumption that all the pieces

brought back by the Scotia were parts of a single large male colony.

The testes vary a good deal in size in the diiferent individuals examined. In their

highest development (figs. 5, 12) they are elongated organs, which may be simple

tubular structures, or may be marked by several constrictions extending traversely to

* Andersson (07, p. 7) has pointed out, from observations on living zooids, that the " csecal end " of the metasome

disappears in fully extended zooids, where the stalk appears as a direct continuation of the body. The appearance

of a caecal end is none the less very characteristic of the majority of the contracted zooids.
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their main axis. These are probably in part the result of the contraction of the zooid.

The aboral end of the testis may extend at least as far as the origin of the stalk from

the metasome.

In some cases, though not in all, we have noticed the appearance indicated at the

aboral end of the testis in fig. 12. A tube, which seems to end blindly, extends into

the cavity of the organ as an invagination of the aboral end. The most probable inter-

pretation of this structure is that it is merely part of the wall of the testis which has

been invaginated, and that it has no special morphological significance. Its walls are

sometimes more pigmented than those of the rest of the testis, so that it may be a

conspicuous structure in entire preparations.

When both testes are fully developed, as in fig. 5, t.l., t.r., they appear symmetric-

ally disposed on either side of the median dorsal mesentery of the metasome. The

central part of the testis is occupied by a mass of fully developed spermatozoa, while

there is a peripheral zone, of varying width, which contains very numerous nuclei,

indicating stages in spermatogenesis. In other cases, as in fig. 11, the two testes are

very difi"erent in size ; and in this particular case the left testis {t.l.) is fully developed,

while the right testis (t.r.) has remained vestigial. The figure shows the two trans-

verse genital mesenteries which run from the dorsal mesentery of the metasome, near

the region where the testes open to the exterior, to the two gonads. These transverse

mesenteries are no doubt the bearers of blood-vessels which pass from the dorsal vessel

to the gonads.

Nervous System.

We have no new observations of importance with regard to this part of the anatomy,

and it will be sufficient to note that the nervous system of C. agglutinans agrees in

essential respects with that of other species of the genus.

Andersson has, however, stated (07, pp. 7, 8, 32) that while in the subgenus

Orthoecus the lateral nerves unite ventrally on the metasome to give rise to a nerve-

tract which has a single median thickening, Demiothecia difi'ers from it in having a

subsidiary thickening on each side of this median one. The occurrence of the three

nerve-tracts in the ventral region of the metasome and in the stalk was first pointed

out by Masterman (98, p. 513) in C. dodecalophus ; but it is not certain that the

character in question can be used to discriminate the subgenera of Cephalodiscus.

Thus in C. levinseni (Harmer, 05, p. 51, pi. xi. fig. 132), which belongs to Idiothecia,

a single nerve-tract is present in the stalk, while in C. nigrescens (Ridewood, 07\ p. 40,

text-fig. 15), belonging to the same subgenus, there are three nerve-tracts. Andersson

has, moreover, not sufiiciently taken into account the fact that in C. gracilis and

C. sibogse (Harmer, 05, pp. 52, 53), which belong to Demiothecia, only a single nerve-

tract is present ; while, on the other hand, C. dodeccdophu.<^, C. hodgsoni, and C. aequatus,

belonging to the same subgenus, have three nerve-tracts, C. agglutinans (fig. 13, n.t.)

agrees with the species of Orthoecus described by Andersson, and with C. {Idiothecia)
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levinseni, C. {Demiothecia) gracilis, and C. (D.) sihogai in having a single nerve-

tract in the stalk.

The number of the nerve-tracts in the region in question is no doubt correlated with

the way in which the metasomatic muscles are arranged at the point where they pass

into the stalk. In C. agglutinans, as in C. levinseni, C. gracilis, and C. sihogse, the

layer of metasomatic muscles forms a single fold extending deeply into the cavity of

the stalk, round the single nerve-tract, in the region where the stalk is separating

from the body. In C. dodecalophus, C. hodgsoni, and G. aeqiiatiis, in which three nerve-

tracts are present, there is, in addition, a pair of muscular folds similarly related to the

lateral nerve-tracts.

Buds.

The buds seem to be produced in exceptionally large numbers in the present species,

and an examination of the budding disc at the end of the stalk of full-grown zooids

shows that in some cases as many as seven pair of buds are present at the same time.

As in other species, the free surface of the disc is of the nature of a sucker for adhering

to foreign objects ; the disc is wider than the end of the parental stalk, and the buds

develop in pairs in the groove between the stalk and the disc. The youngest buds

cannot be said to have any stalks ; they are merely clavate or pyriform outgrowths,

which soon show a transverse groove when the proboscis differentiates ft'om the rest of

the bud. The stalks of the other buds are remarkably long ; that of one bud with two

pairs of arms developing, of the stage shown in text-fig. 5, C, measured 3*9 mm.
;

another of the same stage of development measured 4*3 mm.

There is a remarkable uniformity to be noticed in the size of the stalked buds present.

The proboscis of a bud in which the first pair of arms are just about to develop, such

as is represented in text-fig. 5, A, is not very much smaller than that of a bud in

which five pairs of arms can be recognised—and it is the proboscis which practically

determines the size of the bud. Buds intermediate in size and development between

minute stalkless buds just forming from the disc and buds like that shown in text- fig.

5, A, are scarce ; and no buds have been found older than that shown in text-fig. 5,

F. Indeed, only two buds of the latter stage were discovered. It would seem, there-

fore, that buds develop very rapidly up to the time when the first pair of arms make

their appearance, and that their subsequent growth is slower. What happens after the

stage with five pairs of arms it is impossible to say. The buds of this age seem to be

too young to separate ofi' as independent zooids and to leave the colony—their alimentary

canal is still csecal, and the ten arms have not yet produced any tentacles (text-fig. 5, F)

—and in some other species of Cephalodiscus (e.g. C. hodgsoni and C. nigrescens,

RlDEWOOD, 07^) buds may be found still attached by their stalk to the parent having the

full number of arms characteristic of the adult zooids. The absence of old buds in the

present material may perhaps be accounted for by some seasonal cause ; or buds may only

begin to be produced when the development of the gonads has reached a certain stage.
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In text-fig. 5 are shown composite figures of buds based upon thirty-five camera lucida

drawings. The proboscis is reproduced in the successive figures as gradually increasing

in size ; this is correct in the main, but buds with the same number of arms may have

Text-fig. 5.— Figures illustrating the development of the arms or plumes in the buds of Cephalodiscus agglutinans, for

comparison with the figures of C. yilchristi and C. nigrescens in Ridewood, 07^, pp. 243 and 236. The lettering is the

same as before, namely :—1, 2, 3, 4, 5, the first, second, third, fourth, and fifth arms of the buds ; 6, the "body'" or

metasorae of the bud ; h.s., main portion of the proboscis or buccal shield ; m, mouth
;
p.l., lower lobe of the proboscis

;

po.l., opercuhim or postoral lamella ; s, stalk of the bud.

A, aboral view of a bud in which no arms have yet developed ; B, a bud with one pair of arms ; C, a bud with two pairs ;

D, a bud with three pairs ; E, a bud with four pairs ; F, a bud with five pairs of arms ; G, the oral surface of the body of a

bud in which the lower lobe of the proboscis was turned well upward, and has been cut away. The operculum is seen to

be continuous with the last developed (fourth) arm, and is as yet incomplete below the mouth. Approximately x 60.

the proboscis of diff'erent sizes, and there are many buds with three pairs of arms which

have a smaller proboscis than others with two pairs or even one pair only. This irregu-

larity may be partly accounted for by disparity in the rates of growth of the proboscis

and the collar-region, but is to a large extent also to be explained, by the fact that the
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proboscis is not only a very mobile organ, but is evidently also capable of considerable

change in superficial extent ; a large proboscis on a bud with three pairs of arms is

thinner than a smaller proboscis on another bud with the same number of arms.

In buds with three, four, or five pairs of arms the first portion of the gut can be

seen in the interior of the " body " in clarified preparations ; it appears as a csecal tube,

connected with the mouth, and with a slender cord passing from the blind extremity

towards the stalk. The state of preservation of the material is so poor that the study

of the internal structure of the buds by means of serial sections did not seem advisable.

The development of the internal organs in buds of Cephalodiscus is not likely to difler

much among the various species, and any time and energy spent upon a study of these

parts is most profitably expended by restricting oneself to material that is specially

suited to the methods of microscopical technique.

On comparing the buds of C. agglutinans with those of other species of Cephalo-

discus, one is struck by the fact that in the relatively late appearance of the arms this

species more closely resembles C. gilchristi, a species of the subgenus Idiothecia, than

it resembles species of the subgenus Derniothecia, such as C. dodecalophus and C.

hodgsoni (Ridewood, 07", pp. 231 and 225). Incidentally it may be mentioned that the

buds of C. sequatus and C. insequatus, examined by us in material collected on the

Swedish South-P.olar Expedition, agree very closely with those of C. dodecalophus and

C. hodgsoni. In C. dodecalophus, C hodgsoni, C. insequatus (which we regard as

synonymous with C. hodgsoni, see p. 560), and C. sequatus the first pair of arms reach

the end of the proboscis at a stage when three pairs of arms are recognisable (07^ p. 231,

text-fig. 4, G and H, and p. 225, text-fig. 2, G) ; whereas in C. agglutinans, as also

in C nigrescens and C. gilchristi (07^, pp. 236 and 243), the arms at the three-pair

stage (text-fig. 5, D) are but insignificant bead-like outgrowths from the sides of the

collar, and are very remote from the edge of the proboscis.

Systematic Position of C. agglutinans.

We have not found it an easy matter to come to a definite conclusion with regard

to the aftinities of the Scotia species of Cephalodiscus. In the present state of our

knowledge it is probably best to accept provisionally the subdivision of the genus into

the three subgenera mentioned on p. 532. We may remark, however, in passing that

it is surprising that a crowd of independent zooids should be able to build up a

coenoecium, by their united eff"orts, which has a definite character of its own. But, on

the other hand, there is sufiicient resemblance between the coenoecia of C. levinseni,

C. nigrescens, and C. gilchristi to justify their inclusion in a single subgenus, Idio-

thecia ; and this becomes the more significant when it is remembered that these species

have been recorded from such widely distant localities as between Japan and Corea,

the Antarctic Ocean, and South Africa respectively. There is, moreover, a considerable

amount of resemblance in anatomical structure between the zooids of species which
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have been referred to Demiothecia, as well as between those which have been placed

in Orthoecus.

According to the subgeneric diagnoses which have previously been given, C.

agglutinans should come in Demiothecia, since the cavity of the coenoecium is con-

tinuous throughout (as distinguished from Idiothecia, in which each zooid inhabits a

separate tube of its own), while the tubes are not in the main distinct from one

another and with separate cavities, as in Orthoecus. But in other respects the

coenoecium of C. agglutinans shows a greater resemblance to Idiothecia, to which we

are inclined to refer it, in spite of the continuity of the coenoecial cavity.

The coenoecium of the known species of Demiothecia consists of a more or less

branching system traversed by a continuous cavity, which is of such a kind that a

transverse section of a branch shows a central cavity surrounded by a layer of the

coenoecial substance, irregularly thickened in various places. A transverse section of

the coenoecium of C. agglutinans does not show this simple arrangement ; but it

exhibits a massive coenoecial substance, crammed with foreign inclusions, and traversed

here and there by the relatively small tubes inhabited by the zooids. The arrangement

of these tubes is shown diagrammatically in text-fig. 2, A, on p. 539. In its massive

character and in the disposition of the outer parts of the tubes this has considerable

resemblance to the coenoecium of C. {Idiothecia) nigrescens, as figured by Kidewood

(07\ pi. iv. fig. 10). It differs from it in the fact that the tubes which lead to the

external ostia do not end blindly at their lower ends, but are connected together by a

complicated system of branching tubes which occupy the axial part of the branch.

But the fact must be emphasised that the arrangement of the outer parts of the tubes

agrees substantially with that of the entire tubes of C. nigrescens, and that no species

of Demiothecia yet described possesses a system of regularly arranged long tubes lead-

ing from the interior to the ostia. The ostia of Demiothecia are little more than

perforations of the common coenoecial wall, so that the centra] cavity may be described

as opening directly to the exterior by means of the ostia. We think, therefore, that

there is much to be said for the view that C. agglutinans may be regarded as an

Idiothecia in which the inner parts of the tubes of the zooids are connected by a set

of tubes, branching in the axial region of the coenoecium and placing all the cavities

in communication with one another.

A further argument in favour of this view may be obtained from a consideration

of the mode of growth which appears to be indicated by a study of the coenoecium

{cf. p. 539). We have given reasons for believing that the growth of the branches

is to a large extent apical, as appears to be the case in C. nigrescens and C. levinseni,

both of which belong to Idiothecia. This may be inferred by the regular arrangement

of the outer parts of the tubes, in all parts of the colony, as well as by the fact that

the apical tubes are shorter than the others, and apparently younger.

The occasional occurrence of septa across the tubes of C. agglutinans (p. 538) may
indicate some approach to the more typical species of Idiothecia in which each tube
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is completely cut off from its neighbours (compare the septa in C nigrescens, Ridewood,

07\ pi. iv. fig. 10).

The single short spine or lip at the side of each ostium in C. agglutinans finds a

parallel in C. {I.) nigrescens, C. (I.) levinseni, and C (0.) solidus. In C. {I.) gilchristi

there are long spines, about as numerous as the ostia, but not very distinctly related

to them; whereas in C. (I.) indicus, C. (0.) densus, and C. (0.) varus there are no

lips to the tubes. In C. (D.) dodecalophus, C. {D.) hodgsoni, and G. (D.) sequatus,

however, the spines are long and numerous, usually four or five to each ostium.

The study of the zooids may be held to give some support to the view that the

nearest ally of C. agglutinans is to be found in the subgenus Idiothecia. There is

considerable resemblance between the zooids of C. agglutinans and C. nigrescens in

their relatively large size, in the general proportions of the body, in the large number

of arms, and in the dense pigmentation of the skin. Too much weight, however, must

not be attached to this last character, since the pigmentation may not really be an

indication of affinity, but may be of a purely physiological nature, as seems to be the

case in certain deep-water pelagic Fishes.* C. sibogw, a species of Demiothecia, has,

moreover, a deeply pigmented epidermis (Harmer, 05, p. 8).

In the absence of end-bulbs with refractive beads at the ends of the arms, C. agglu-

tinans agrees with the species of Idiothecia and Orthoecus, and differs from those of

Demiothecia.

Attention has already been drawn (p. 556) to the fact that, in the relatively late

appearance of the arms in the buds of C. agglutinans, this species more closely resembles

C gilchristi and C. nigrescens than species of Demiothecia such as C. dodecalophus,

C. hodgsoni, and C. sequatus.

The special characters of the coenoecium of C. agglutinans might be taken to justify

the institution of a new subgenus for the reception of this species. We think it un-

necessary to adopt this course ; but it is obvious that, if the species is rightly referred

to Idiothecia, the original diagnosis of that subgenus (Ridewood, 07\ p. 10) must

be amended by adding to the statement, "tubular cavity . , . having no connection

with the other cavities of the tubarium," some statement to the effect that the

tubes may be connected with one another. The following amended diagnosis is

suggested :

—

Subgenus Idiothecia. Each ostium leading into a long tube lodged in a common

coenoecial substance ; the tubes definitely arranged at a more or less constant angle to

the surface, usually completely separated from one another, and each containing a single

zooid with its buds, but sometimes connected with one another by an intercommuni-

cating system of tubes.

It may be pointed out in conclusion that the name Idiothecia would not be

less strictly applicable in consequence of the extension of the scope of the subgenus,

* Cf. Sir John Murray and J. Hjort, The Depths of the Ocean, London (Macmillan & Co.), 1912, pp. 618, 624,

677, and elsewhere.
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for the derivation of the word {idios, one's own, personal, private ; and theke, a case,

box, vault) refers to the zooids, with their buds, having each their own tubes ; and this

appears to be the case in C. agglutinmis, in spite of the fact that the tubes communicate

with one another in the axial part of the ccenoecium (see p. 540).

Addendum on the Synonymy of C. hodgsoni.

Through the kindness of Dr H. Theel, the British Museum has received from the

Riksrauseum at Stockholm duplicate specimens of all the species of Cephalodiscus

which were described by Andersson in the report (07) on the Pterobranchia of the

Swedish South-Polar Expedition. We have been much interested in comparing this

material with the other specimens which have been available for study.

The species of Cephalodiscus which have previously been described from Southern

localities are as follows:

—

C. dodecalophus [Challenger and Swedish Expedition);

C. sequatus and C. insequatus (Swedish Expedition) ; C nigrescens and C hodgsoni

[Discovery Expedition) ; C gilchristi (Cape Colony, Dr J. D. F. Gilchrist) ; C densus,

C. varus, and C. solidus (Swedish Expedition) ; and C. anderssoni (second French

Antarctic Expedition). With the exception of the three Oriental species described

in the " Siboga " report, and of C. iridicus, from Ceylon, more recently described

by Schepotiepf (09), this list accounts for all the species of Cephalodiscus hitherto

recorded. Andersson (07, p. 16) has stated that within the Antarctic area

Cephalodiscus is one of the most characteristic members of the marine fauna,

in the neighbourhood of Graham's Land at least ; and that it occurs there, as a

rule, in depths of 100 to 150 metres, wherever the bottom has a firm consistency

and consists of gravel ("Kies") and small stones. We may agree with him, in

view of these facts, in thinking that the headquarters of the genus lie in Antarctic

and Subantarctic waters.

Of the species already mentioned, C. densus, C. rarus, and C. solidus were placed

by Andersson in his subgenus Ortho'ecus ; and C. anderssoni, more recently described

by Gravier (12), clearly belongs to the same assemblage. None of these species have

at present been found a second time, and we have no criticism to make with regard

to them, except that C. anderssoni may perhaps prove to be a synonym of either

C. densus or C. rarus.

C. nigrescens and C. gilchristi are two very distinct species of the subgenus

Idiothecia.

The rest of the Antarctic or Subantarctic species, namely, C dodecalophus,

G. sequatus, C. inaequatus, and C. hodgsoni, belong to the subgenus Demiothecia, in

which the coenoecial cavity is continuous and is not represented by a number of

distinct tubes, each belonging to one zooid. According to the diagnoses originally

given, all these species are characterised by the possession of six pairs of arms in each

sex, with the exception of C. inaequatus, in which Andersson states that there are five
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pairs in the female and six pairs in the male. According to this observer (p. 8),

C. ^quatus is closely related to C. hodgsoni, but on p. 9 he says that it is nearly

allied to C. dodecalophus.

At the first examination of the ccencEcium of the specimens obtained by the

Swedish Expedition it appeared to us that there was an even closer resemblance

—

amounting, in fact, to a practical identity of characters—between C. hodgsoni and

C. inwquatus. Since the latter is said to be characterised by a difference between the

two sexes in respect of the number of arms (female five pairs, male six pairs), it became

important to make a new examination of C. hodgsoni to ascertain whether any

diff"erence could be detected between the two sexes in that form. Although the number

of male individuals examined was but small, the result of this inquiry was to confirm

the conclusion, suggested by the appearance of the coenoecium, that C. insequatus

is a synonym of C. hodgsoni. It may be noted in passing that although the

memoirs containing the accounts of the two species in question were published

in the same year (1907), the name C. hodgsoni has the priority, as is shown by

the inclusion of the title of Ridewood's paper in the bibliography given by Andbrsson

on p. 115.

In the original description of C. hodgsoni it is stated (Ridewood, 07\ p. 55) that

" the normal number of plumes is twelve, but the sixth pair develop late, and a full-

sized polypide, with buds of its own, and with well-developed ovaries, may have only

ten fully-grown plumes." It is further remarked, however, that a vestigial sixth pair

can " usually " be detected in such cases, but that no individual has more than six pairs.

In his later paper (07^ p. 230) the same author states that "some polypides of

Cephalodiscits hodgsoni of full size and with mature gonads have five pairs of plumes

only." He does not discuss, in either place, the possibility that the diff"erence to which

he alludes might be correlated with a difference in sex.

We are in a position to confirm the substantial accuracy of Andersson's state-

ment with regard to the number of arms or plumes in the specimens described by

him as C. insequatus, though we think he has gone rather too far in asserting

(07, p. 6) that the number is invariable, in each sex, in the species examined by

him. The following is the result of an examination of 38 zooids in which the

arms were dissected from one another sufficiently to enable them to be counted

when the zooid was mounted on a slide. There is no doubt some element of

uncertainty in some of these estimations, particularly with regard to the presence or

absence of vestigial sixth arms ; but in the main the results can probably be accepted

as trustworthy.

The material examined consisted principally of female zooids ; since, when the

gonads were sufficiently advanced in development to be recognisable as to their sex,

19 specimens were female and 3 were male. The remaining 16 specimens were

mostly advanced buds or quite young zooids in which the sex was not certainly

distinguishable.
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The evidence as to the number of arms may be given in a tabular form, as

follows :

—

Number of Individuals.

Sex.
Number

Remarks.
of Arms.

Stat. 5. Stat. 94. Total.

Female 10 13

1

2 15

>j 11 3 3 In one of these cases the evidence

for the occurrence of more than

ten arms was not conclusive.

)) 9 1 1

Unknown 10 5 9 14

>) 11 1 1 Perhaps not more than ten arms.

)! 12 ... 1 1 )i ))

Male 12 2 2

J) 11 ... 1 1

38

It is thus clear that the majority (29 out of 38) of the zooids examined have ten

arms; that of this number 15 were proved to be female, while the remaining 14 may
have belonged to that sex ; and that no individual proved to be male has ten arms.

It should be noted, however, that we are assuming, with Andersson, that the specimens

from Stations 5 and 94 belong to the same species. Of three zooids in which twelve

arms are certainly or doubtfully present, two were ascertained to be male. There is

evidence that the female may occasionally have eleven or nine arms instead of the

normal number (ten), and that the male may have only eleven arms instead of the

number (twelve) stated by Andersson to be characteristic of that sex. The evidence of

the occurrence of eleven arms in two female specimens appears to be quite satisfactory.

In counting the arms, an arm-bud has been reckoned as an arm even though, as in one

of these two, it is very small and but little developed.

Evidence of a similar nature was obtained from sections of the material received

from Stockholm. In six series of sections of female zooids, five arms could be counted

on one or both sides ; while in a single series of sections through a male zooid twelve

arms were ascertained to be present.

Turning to the Discovery specimens described by Ridewood as C. hodgsoni, the

number of the arms has been re-examined in eight series of sections, with the following

result :

—

Ten arms are present in 2 female zooids, and in 2 others in which the gonads are

too minute to be certainly distinguishable as ovaries. Ten is probably the number of

the arms in 1 other case in which the sex is not determinable. Three zooids are male

;

and of these 1 has twelve arms, 1 has not less than eleven arms, and 1 has not less than

ten arms, while the possibility of the occurrence of twelve arms is not excluded.
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In six individuals of C. hodgsoni which were partially dissected and in which ovaries

could be identified with certainty the results were somewhat less uniform. Two of

these zooids had ten arms each ; 1 had eleven ; and 3 had twelve arms. But even

here there is a sufficient amount of correspondence with the results arrived at by

Andersson to give some support to the conclusion that C. insequatus is synonymous

with C. hodgsoni, on the assumption that the number of arms is not invariable.

CCENCECIUM.

It can hardly be doubted, from the published figures, that there is at least a consider-

able resemblance between the coenoscium of C. hodgsoni and that of C. insequatus.

Andersson's figure (07, pi. ii. fig. 1) of the latter closely resembles Ridewood's (07\ pi ii.

fig. 1) of the former. It may be noted that both figures represent the natural size of

the object. In both cases the general appearance of the coenoecium and its mode of

branching are substantially the same ; and the same result is arrived at by a comparison

of the actual specimens. Ridewood states (p. 51) that the spines are simple, forked, or

trifid, and that the length of their free part is variable, usually within the limits 5 to

15 mm. Andersson states (p. 10) that the length of the " Auslaufer," by which we

understand the free parts of the spines, may reach 20 mm. ; and (p. 19) that they may

be divided into two or three branches. Although this latter statement is made in a

paragraph which refers to two other species as well as to C. insequatus, an inspection

of his figure shows that it really refers to the species under consideration.

We may add that the comparison of the actual specimens shows that C. insequatus

resembles C. hodgsoni in general size and proportions of the colony, in the colour of the

coenoecium, and in the length and thickness of the spines. In both forms the ostia are

elliptical and their average long diameter is 3 mm. ; while in both the number of spines

associated with- each ostium is about four or five.

Measurements of Zooids.

According to Ridewood (07\ p. 53), the zooids of C. hodgsoni measure about 2 mm.

from the csecal end of the body to the dorsal border of the proboscis. Andersson

(07, p. 10) gives the length of a zooid of C. in^quatus which is not too strongly

contracted as about 3 mm. It must be remembered, however, that no special care had

been taken, in preserving the Discovery material, to obtain well-extended zooids;

and that Andersson had the opportunity of examining the zooids of the form described

by him in the living condition. It is, moreover, not quite clear how his measurement

was taken.

We have ourselves measured several zooids of both forms in more or less median sagit-

tal sections, the measurement being taken in each case from the extremity of the csecal

end of the metasome to the dorsal border of the proboscis. According to these measure-
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ments, four individuals of C. hodgsoni, of both sexes and in varying degrees of con-

traction, measured from ]'568 to 1'856 mm. Four individuals of C. inaequatus,

similarlv measured, fell within the limits 1760 to 2240 mm. The longest of these

zooids in particular was obviously well extended. It may accordingly be concluded

that while, on the whole, the zooids of the material collected by the Swedish Expedition

are rather larger than those obtained by the Discovery, there is no essential difference

in size between the zooids of the two forms under consideration.

Similar results were obtained by a study of the length and thickness of the noto-

chord, the size of which Andersson claims to be of some taxonomic value (07, p. 60).

The measurements taken from sections of C. insequatus are on the whole greater than

those of C. hodgsoni, but the two series of measurements overlap.

The buds of C. insequatus were examined to see if there is any appreciable difference

between them and those of C. hodgsoni (Ridewood, 07^, p. 225), particularly in respect

of the mode of development of the arms. In size and general proportions, and in the

mode of development of the arms, the two sets of preparations are in very close

agreement.

We are accordingly of opinion that C. insequatus should be regarded as a synonym

of C. hodgsoni.
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LIST OF REFERENCE-LETTERS.

an., anus.

b.c.^, proboscis-cavity.

b.c.'^, collar-cavity.

h.c.'^a., anterior dorsal horn of collar-cavity.

b.c.^, metasomatic cavity.

b.c.^b., part of metasomatic cavity in loop of ali-

mentary canal.

c.c, collar-canal.

c.c.i., internal opening of collar-canal.

c.n.s., central nervous system.

d.m.^, dorsal mesentery of collar.

d m?, dorsal mesentery of metasome.

g.s., gill-slit.

int., intestine.

L.i-L.^, left arms.

l.n., lateral nerve.

TO., mouth.

ms., longitudinal muscles of metasome.

nch., notochord.

n.t., nerve-tract.

op., operculum or postoral lamella.

op.l., left lobe of operculum.

op.r., right lobe of operculum.

op.rec, recess at base of operculum.

p., proboscis.

per., peristome.

2^h., pharynx.

p.p., proboscis-pore.

r., rectum.

R.1-R.9, right arms.

St., stalk.

stom., stomach.

t., testis.

t.L, left testis.

t.r., right testis.

v.m.^, ventral mesentery of collar.
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EXPLANATION OF PLATES.

Plate I.

Figs. 1—5. Selected pieces of colony of Cephalodiscus agglutii^ans, n. sp., drawn by Miss G. M.

Woodward. Natural size. The specimen drawn in fig. 1 is selected as the type-specimen of the species.

Plate II. -

Cephalodisctis agglutinans, n. sp.

The figures were drawn with the Zeiss objectives severally indicated, and were then reduced to two-fifths

linear. The scale for the two objectives used in drawing the figures is given, in hundredths of a millimetre,

at the bottom of the plate.

Fig. 1. A young bud. Obj. A.

Fig. 2. A slightly older bud. Obj. A. • .

Fig. 3. An older bud. Obj. A.

Fig 4. A still older bud. Obj. A.

Fig. 5. Obliquely frontal section, showing both testes {t.l., t.r.), parts of both gill-slits {'j.s.), and the

left collar-canal (c.c). Obj. C.

Figs. 6-11. Frontal sections of one zooid.

Fig. 6. Showing eight of the left arms (as numbered) and seven of the right arms. Obj. C.

Fig. 7. Showing the same fifteen arms, the anterior dorsal horns of the collar-cavities (b.c.^a.), the peri-

cardium (per.) enclosing the pericardial sinus or heart, and the internal openings of the proboscis-pores (p.p.).

Obj.C.

Fig. 8. Showing the anterior end of the notochord {nch.) and of the right lobe (op.r.) of the operculum.

Obj. C.

Fig. 9. Through the mouth (m.). The double appearance of the left lobe {op. I.) of the operculum is

due to the fact that the organ in question is folded ventrally. To see the correspondence between the two

sides of the section, the part of the left lobe which is nearer the proboscis {p.) must be imagined to have

been folded dorsally. It would then not have appeared in the section, and the left lobe of the operculum

would have had much the same appearance as the right lobe. Obj. C.

Fig. 10. The mouth (to.) is still visible. The reflected part of the left lobe {op.l.) of the operculum is

almost separate from the rest of the organ. Obj. C.

Fig. 11. Through the region of the collar-canals {c.c.) and gill-slits {g-s.). The right testis {t.r.) is very

small in this zooid. Two of the terminal lobes of the scalloped edge of the right half {op.r.) of the operculum

are visible. Obj. C.

Fig. 12. Stomach {dom.), intestine {int.), rectum (r.), and one testis {t.) of an old zooid. Obj. A.

Fig. 13. Stalk, in transverse section. Obj. C. '

Fig. 14. Proboscis-stalk, in transverse section, showing both proboscis-pores {p-p-), the anterior dorsal

horns {b.c.'^a.) of the collar-cavities, the anterior end of the central nervous system {c.n.s.), and the peri-

cardium {per.) with the included pericardial sinus. Obj. C.

Fig. 15. Median sagittal section of the anterior end of a zooid, showing the notochord {nch.). Obj. C.

Fig. 16. Nearly median sagittal section of another zooid^ showing the alimentary canal. Obj. C.

N.B.—In several of the sections, figured parts of the epithelia were somewhat macerated, as the result

of imperfect preservation. The epithelium of the stomach in fig. 16, part of the anterior epidermis of the

proboscis in figs. 6-9, and part of the epidermis containing the central nervous system in figs. 10 and 11

have accordingly been restored where necessary.
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VIII.—Measurements and Weights of Antarctic Seals taken by the Scottish

National Antarctic Expedition. By William S. Bruce, LL.D., F.R.S.E., Director

of the Scottish Oceanographical Laboratory, Edinburgh. (With One Text-Diagram

and Two Plates.)

(MS. received February 18, 1913. Read March 17, 1913. Issued separately August 4, 1913.)

During the voyage of the Scotia in the Weddell Sea, and during her wintering at Scotia

Bay, South Orkneys, I measured as many of the seals taken as possible. I was usually

assisted in this work by Mr Wilton. When a seal was killed near the ship, and it could

be arranged, I also weighed them both in whole and in part, weighing the different viscera

as at a human post-mortem examination. The results of these investigations are now

summarised in tabular form, which makes it easy at a glance to make comparisons. In

addition to the measurements and weights of the true seals of the Antarctic regions,

those of a fine specimen of Otaria juhata (the Patagonian Sea-lion) secured at the

Falkland Islands are also given.

Leptonychotes iveddelli (the Weddell Seal).

Of the true seals twenty-seven of the thirty- three specimens of Leptonychotes

iveddelli taken were measured, and, except in a few cases, in great detail, and several

were weighed in whole or part. The longest Weddell Seal was a female measuring

129^ inches and weighing 908 lbs., while the heaviest, also a female, measured 124 inches

and scaled 920 lbs., or about 940 lbs. counting loss of blood, etc., in cutting up. Both

these were secured towards the end of September. Another female, killed on 28th August,

was also of large size, but as it was killed three miles from the ship its weight could not

be taken, neither was it measured. The largest male secured was 117 inches long.

Eleven adult females were taken and six adult males ; six young females and ten

young males. It is doubtful whether this indicates any real proportion of sexes. It

may be due to the males going further afield than the females, especially just prior to

and after the birth of the young. Many hundreds if not thousands of these Weddell

Seals could have been obtained, but science did not demand that extensive slaughter

.which sealing expeditions indulge in.* I made a point of not allowing more killing

than was necessary for food supply and for scientific purposes. Weddell Seals were

never seen in the pack, except in the vicinity of Coats Land and the South Orkneys.

It will be noticed that about 250 lbs. of blubber may be obtained from a single

seal, i.e. more than a quarter of the weight of the whole animal. The enormous weight

* Fully 6000 seals of the four Antarctic species were killed by the Balcena in 1892-93. They were mostly Crab-

eaters and Sea-leopards. Upwards of 25,000 were killed by four Dundee whalers and one Norwegian whaler at

that time.

Thanks are due to the Executive Committee of the Carnegie Trust of the Universities of Scotland for defraying

the expenses of this paper and that entitled " Skulls of Antarctic Seals," recently published.
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of 50 lbs. for the stomach and contents of one of these Weddell Seals shows the heavy

meal, which usually consist of fish (mostly Notothenia coriiceps), that seals can digest.

Stenorhynchus leptonyx (the Sea-leopard).

Only seven Sea-leopards were secured, three males and four females, the longest of

which was a female measuring 155 inches. On the Balsena in 1892-93 I obtained one

measuring 162 inches. Two males of average size, 128 and 134 inches, scaled respec-

tively 606 and 630 lbs. They are thus by measurement longer and lighter animals

than the Weddell Seals, and they give this appearance. They are extremely lithe in

their movements, jumping great distances out of the water. They catch swift penguins

in the water. On the Balwna I frequently found stones in their stomachs, which are, I

believe, derived from the stones in stomachs of the penguins they devour.

Dr PiRiE during the voyage of the Scotia found sand in their stomachs, which is

probably derived from the same source. In four of the specimens obtained penguin

feathers and remains were found, and on one occasion a Sea-leopard was seen in Scotia

Bay to catch a penguin and take it under water. The penguin undoubtedly forms the

staple diet of these animals, and the size and nature of the teeth is indicative of such

diet. Only on one occasion did we see a young Sea-leopard, and this was early in

November in Brown's Bay, off Point Thomson, when Mr Wilton, Dr Pirie, and I tried

to secure it, but failed on account of the rotten state of the ice.

Lohodon carcinophaga (the Crab-eating or White Antarctic Seal).

We only obtained five specimens of the Crab-eating Seal during the voyage of the

Scotia, although many of these were seen on the voyage southward in. 1903 at a time

when we were unable to secure them. In 1892-93 the Dundee whalers secured a great

number of these Lobodons, and 1 have seen as many as forty on a single piece of ice.

This is probably the smallest of the four species of Antarctic Seals, although the Koss

Seal is of very similar dimensions. One very old male that we secured weighed 494 lbs.,

but the other three were very much smaller and lighter than this animal. This animal

is one of the specimens that I have presented to the Royal Scottish Museum. The skin

of one of these animals was very badly scarred, and it is uncertain what is the cause

of these scars. They may possibly be due to the attacks of a grampus, but we have,

no definite evidence of this. We had little evidence on the Scotia to tell us what was

the food of these Lobodons, but on the Balsena I found the remains of fish and

crustaceans in their stomachs.

Ommatophoca rossi (the Ross Seal).

This is the rarest seal in the world, and the Scotia naturalists only obtained two

specimens of it, one male and one female, the skins of which have been deposited in the

Royal Scottish Museum, and the skeletons in the Anatomical Museum of the University
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of Edinburgh. It is the very antithesis of the Sea-leopard ; instead of being long and

lithe, it is rather short and bulky, though of remarkably graceful form. It is charac-

terised by a very thick neck, which it has the power of dilating at will. The weight

of the female we obtained was 475 lbs,, and that of the male 400 lbs., and probably

this represents the average weight.

On board the Balmia Mr Burn Murdoch and I obtained what was almost certainly a

very young Ross Seal, which we were bringing on board alive, but which the late Captain

Fairweather ordered to be killed. The skin was thrown into a heap with the rest, and

the carcase was left on the ice. The illusions of ignorance consequently robbed science

for the time being of an interesting discovery. The chief food of the Ross Seal is

cuttle-fish, and the stomach of one of those we secured had the beaks and remnants of

cuttle-fish in it. It must, therefore, be swift in the water to catch these swift inverte-

brates, but its teeth are of extremely small and delicate character, which is all that

is necessary for such soft diet. There were apparently fish scales in the stomach of one

of the animals, but these were probably the scales of small fishes.

Length = Tip oj- Nose to Tip oj- Tall.

NecK Girth

Rst to Occiput

AxiUdry

Girth-

Greatest

Girth

Anal

or

Least Girth

Anterior
or

NeckGlrlrh
Diagram illustrating Seal Measurements.

Otaria jubata (the Patagonian Sea-lion).

Little need be said regarding this well-known species which, as already indicated,

is not Antarctic in distribution, keeping clear of the ice limit. There are a considerable

number of these animals round the shores of the Falkland Islands, where they live

among the thick tussock grass.
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Leptonychotes weddelli

No. Date. Sex. Age.

Length. Girth. Limbs. Eye.

e5°

o
a,

o '3

CO
o

Anterior

or

Neck

(6

ins.

anterior

to

Axillary).

4J'

15

<
o

CO
CS
0)

1-1

Fore Flipper. Hind Flipper. O 0)

-73 E

in.
!

Uxl

S 0)

O W 1—1
iJil

Stretch

at

Terminal

Phalanges.

-S bx)

in.

G '^O

in.

Stretch

at

\
5'

Terminal

Phalanges.

VI.

1903.

Mar. 25 Female Adult
in.

iia
in.

100
in.

54

in.

64

in. in. in. in. in

VII. » >i
... ... ... ... ... ... ... ...

VIII. Apr. 10 Male Young 79 67 40| 47 ... 19i llf 13f 12 101

(base)
U>^l

IX.

Xa.

May 19

„ 30

>>

Adult

78^ 67^ 37| 48 48

...

12| 91 I5| 13 10

(base)

fxl

X. July 8 Female Young 84i 7a 351 43^ 54| ... 13i 7| n 15 14i 20f

1

Frozen

XI. „ 12 Male Adult 114 100 62 74^ 80 16 7 n 19 16 24 HxH

XIL „ 23 )>
Young 98| 88i 49 60 651 13| n 14f Hi 2U ...

XIII. „ 25 >> >) 102 90 ... ... ... ... ...

XIV. „ 28 Female Adult La rge ... ... ... ... ... ... ...

1

XVII. Aug. 31 Male Young 54 47 19 25 28 lOf 4 6f IH lU 13i
7i (base)

XVIIL „ 31
)> >:

60i 5H ... 34| 341 Hi 6| n 13| 12 13i
lOKbase)

...

XIX. Sept. 2 ... »> 64 55 24| 29 34 Hi 7 6 12^ 13 ... U

C3

03

4J^

3|

3i

3f

3i

2f

3J
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the Weddell Seal).

Weight.

Total.

lb.

220

!78

87

!3

Liver.

lb. oz.

16 13

Kidneys.

Right.

lb. oz.

in

Left.

lb. oz.

10

2 lb. 9 oz.

Lungs.

Right.

lb. oz.

1 7

3 12

Left.

lb. oz.

1 3

3 1

Heart.

lb. oz.

1 4

3 4

General Remakks.

Shot by D. W. Wilton in Buchan Bay, South Orkneys. Skin
presented to the Natural History Museum, Marischal College, Uni-
versity of Aberdeen.

Killed by the cooks, Florence and Murray, in Scotia Bay. Preg-

nant. Embryo and skull preserved. Embryo presented to the

University of Edinburgh.

Clubbed by R. Davidson in Scotia Bay. Temperature 97° '4 F.

Skin poor, but preserved. Additional measurements : umbilicus to

penis, 7^ inches
;
penis to anus, 11| inches.

Stabbed by a seaman in Jessie Bay, South Orkneys.

Killed by a seaman near Ailsa Craig, South Orkneys. Skeleton

preserved, but the skull and several ribs were lost while macerating

in the sea.

Stabbed by D. W. Wilton in Scotia Bay. Skeleton almost complete.

Additional measurements : small intestine measured 60 feet, and large

intestine, 3 feet.

Stabbed by D. W. Wilton near Point Rae, Scotia Bay. Additional

weights : blubber, 250 lbs.; skin, 80 lbs.; carcase, 457 lbs. Skin pre-

sented to Royal Scottish Museum. Part skeleton at Scottish Oceano-
graphical Laboratory.

Shot by J. H. Harvey Pirib in Scotia Bay. Skeleton preserved at

Scottish Oceanographical Laboratory.

Stabbed by R. Davidson in Scotia Bay. Skeleton preserved at

Scottish Oceanographical Laboratory.

Stabbed by D. W. Wilton near Point Rae, Scotia Bay. No
dimensions taken, but of large size. No embryo in uterus. It was

found that the right scapula had been fractured across the blade and
had united again at an angle. Skin presented to H.S.H. the Prince

of Monaco, for Musee Oceanographique de Monaco.

Killed by chloroform on 31st August. Age one day. Born about

30th August. Carcase presented to the Anatomical Museum of the

University of Edinburgh, and partly dissected for vascular system.

Skin at Scottish Oceanographical Laboratory.

Killed with potassium cyanide on 31st August. Age two days.

Born about 29th August. Injected and embalmed by Professor

David Hepburn's method, by whom it has been dissected and
specially reported upon. Additional measurement : tail 4~ inches in

length.

Killed with potassium cyanide on 2nd September. Age probably

three or four days. Young of No. XX. Carcase presented to Ana-

tomical Museum of the University of Edinburgh. Skin presented to

Glasgow Corporation Art Galleries and Museum.
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Leptonychotes iveddelli

No.

XX.

XXL

XXII.

XXIII.

XXIV.

XXV.

XXVI.

Date.

1903.

Sept. 2

20

21

22

24

XXVII. Oct. 3

XXVIIL

XXIX.

XXX.

XXXL

XXXII.

„ 3

„ 22

„ 22

„ 22

„ 23

1

Sex. Age.

LenGTH. Girth.

&1 .

o

Br

03
<n
o

Anterior

or

Neck

(6

ins.

anterior

to

Axillary).

in.

6

in.

03

C
<1

f-,

o

CO

a

in. in. in. in.

Female Adult 123 110 57 74 75 ...

Male Young 6U 54 231 33 341 ...

J) jj
661 58^ 20f 291 31i

Female ))
61 53| m 26 28

>> Adult 124 ... ...

)i
Young- 66 58 181 26 28

))
Adult 129| 115| 551 72 77 ...

Male Young 62 54 19 26 27

>) Adult ... ... ...

Female
))

1211 108 72 ...

Male )) 117 104| 65 ...

Female )) 122 ... 41 59 ...

))
Young 79 67 ... 48 48 ...

Limbs.

Fore Flipper.

S CDw so

in.

15|

lOJ

13

13

12

141

10

iH

15

5w

in.

71
' 2

4|

71'2

5i

n

H

ro cS "D

" s *

is 53 _g-'-^ r_, r^

in.

71
' 2

7i

18

(base)

8^

Hind Flipper.

in.

19

12

13

13

12J

20

14

m

15

03 <13

5 w

in.

17

10^

10

13

iU

18i

11

121

03 ^ a>

B s J
£ s s-^ C-l r^

in.

14^
9* (base)

15
9 (base)

16-

8 (base)

13
8i (base)

19
ISH'jase)

H
10 (base)

23
125 (base)

20^

Eye.

-^ S
- 03

03 O

in.

Ux|

Hxi

Cm

03 I

in.

n

H

4i

4i

Stiff when measured, probably more.
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Weight.

Total.

lib.

1838

83

84

61

)20

171

08

57

?

Liver.

lb. oz.

Kidneys.

Right.

lb. oz.

Left.

lb. oz.

Lungs.

Right.

lb. oz.

Left.

lb. oz.

Heart.

lb. oz.

General Remarks.

Killed off Point Davis, Scotia Bay. Mother of No. XIX. Ad-
ditional weights : blubber, 250 lbs. ; skin, including skull and flippers,

228 lbs. Carcase, less head and flippers, 340 lbs. ; estimated weight

of blood lost, 20 lbs. Skin presented to Peterhead Museum. 1

Killed with potassium cyanide. About two days old. Skeleton

preserved. Skin presented to Natural History Museum, Marischal

College, University of Aberdeen.

Stabbed. Two or three days old. Carcase preserved. Additional

weights: 74 lbs., and estimated blood lost, 10 lbs. The mother

attempted to kill this animal, and would probably have done so had
she not been prevented.

Captured alive in Scotia Bay. Probably twelve days old. This

animal was kept on board for ten days, and was fed by bottle with

condensed milk. It died of convulsions.

Stabbed by J. FiTCHiE off Point Martin, Scotia Bay. About 20 lbs.

for loss of blood in cutting up and stabbing should be allowed, making

the total weight nearer 940 lbs. No young with it, and no embryo

within. Skin presented to the Glasgow Corporation Art Galleries and

Museum. Skeleton at Scottish Oceanographical Laboratory.

Killed with potassium cyanide and hydrochloric acid on 22nd

September. One day old. Taken from mother 21st September.

Carcase preserved and skull partially severed to inject brain with

formalin. Skin presented to the Royal Scottish Museum.

Stabbed by J. MacDougall off the Point Martin, Scotia Bay.

Mother of No. XXVII. Young captured and taken on board alive

at same time. Skin preserved.

Two to three weeks old (nine days spent on board). It died on

3rd October. The mother was No. XXVI. Presented to Coats

Museum, Paisley.

Killed by J. H. H. Pirie while at camp off Graptolite Island, South

Orkneys. Skull only preserved.

Killed by R. Davidson off Delta Island (near Point Rae), Scotia

Bay. Skin presented to Coats Museum, Paisley.

Killed by R. Davidson off Delta Island (near Point Rae), Scotia

Bay. Skeleton preserved. Lower jaw fractured.

Shot by R. Davidson. A young cub was with this seal and was

brought on board alive. Skin presented to Municipal Museum of

Dundee.

Six to eight weeks old. Shot by J. H. H. Pirie in Jessie Bay. This

young seal was- quite alone. The skin was handsomely marked but

was spoilt by giant petrels, and the skeleton by dogs.
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Leptonychotes weddell

No.

XXXIII.

XXXIV.

XXXV.

xxxvr.

xxxvn.

XXXVIII.

XL.

XLI.

XLIV.

Date.

1903.

Oct. 29

Sex.

Male

29 iFeniale

„ 29

Nov. 23

„ 23

„ 23

1904.

Feb. 17

„ 17

Mar. 10

Male

Female

Male

Female

Age.

Young

Adult

Length.

H
o

o

c

in.

79

o

o 'c5

<v

O
;2i

in.

67

681

72 ' 62

Girth.

c J=>.

o

in.

30

29

29

in.

49

50

51

O

<1

Limbs.

Fore Flipper.

bJO

'a

in.

11

lU

121

," bo

6f

7|

® -

in.

'2

Hind Flipper.

in.

15

161

16

in.

13|

15i

14

be
C

in.

15^
11 (base)

8
lOiCbase)

16J
11 (base)

Eye.

O 4)

0) o

O I

« I

03

in. in.

3

H

Lobodon carcinophaga\

IV.

V.

XV.

XVI.

1903.

„ 10

Mar. 3

Aug. 1

August

Male Adult 97 88 51 53i 15^ ]5| 13^ ...

Female
))

89 81| 25| 49 53 16 7i (base) 16i 13^ ... U + ^ 4f

Male n 109 98 42| 55 58 19 20 ... 17 17 22 \\^\ 5

)j Young ... ... ...

>) ') ... ... ... ... ... ... '''
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Weight.

Total. Liver.

lb. lb.

Kidneys.

Eight. Left.

830 36

lb. oz. lb. oz

2 7

Lungs.

Eight. Left.

Heart.

lb. oz, lb. oz

2 T 5 8 4 12

lb. oz.

4 2

(the Crab-eating Seal).

4 to

5 cwts.

300
(circa)

494

325
{circa)

14
Length
greatest

14
= 8iins.
width = 3i

1 11 1 6 1 12

General Eemarks.

Shot by E. Davidson in Scotia Bay. About two months old.

Additional measurement, from anus to penis, 13 inches.

Shot by E. Davidson in Scotia Bay. About two months old. Skin
presented to Glasgow Corporation Art Galleries and Museum.

Shot by E. Davidson in Scotia Bay. About two months old.

Additional measurement, from anus to penis, 12J inches. Skin pre-

sented to Coats Museum, Paisley.

Shot at Point Martin, Scotia Bay.
dimensions taken.

Skeletons preserved. No

Shot by E. N. E. Brown on west shore of Scotia Bay. Skeleton
preserved.

Shot by D. W. Wilton on west shore of Scotia Bay. Skin and
skeleton preserved. Skin presented to Museum of Perthshire Society

of Natural Science, Perth.

Shot by W. S. Bruce, 2 miles off Coats Land, 74° 1' S., 22° W.
Additional weights and measurements : stomach and contents (fish and
cuttle-fish), 50 lbs.; spleen, 5 lbs.; diaphragm, 4 lbs. 6 ozs.; gut, 43 lbs.;

and measured 111 feet. Skin presented to Eoyal Scottish Museum.

Shot by J. H. H. Pirib at Station 152, 60° 32' S., 43° 40' W. Skull

preserved. Additional measurements : from anus to penis, 16| inches

;

from penis to umbilicus, 9 inches. Weight between 4 and 5 cwts.

Skin presented to Perthshire Society of Natural Science, Perth.

Shot by J. H. H. Pirie at Station 189, 60° 05' S., 32° 10' W.
Skin and skull preserved. Additional weights and measurements :

anus to umbilicus, 22J inches ; large intestine up to caecum, 40 inches

;

csecuni, 5x3 inches; small intestine, 122 feet; thymus, 2 ozs.; spleen,

&\ ozs.; pancreas, 6| ozs.; blubber, 1 to 1^ inches thick. Skin presented

to the Eoyal Scottish Museum.

Shot by J. H. H. Pirie at Station 283, 68° 24' S., 32' 31' W. This

was an old animal, and consequently may be regarded as being of

full size. Blubber, 147 lbs.; skin, 47 lbs. Skin presented to the

Eoyal Scottish Museum.

Killed near the ship in Scotia Bay. Skinned scarred.

Killed by J. H. H. Pirie off Point Davis, Scotia Bay. Skin very

beautifully marked, but not preserved. Skeleton secured.

TRANS. ROY. SOC. EDIN., VOL. XLIX. PART III. (NO. 8). .76
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Stenorhynchus leptonyxl

No.

III.

XLII.

XXXVIIIa.

XXXVIII6.

XXXVIIIc.

XXXVIIIrf.

Sex. Age.

Length. Girth.

Date.

e3-

Nose

to

Tip

of

Tail.

Anterior

or

Neck

(6

ins.

anterior

to

Axillary).
Greatest.

"3
a
<
o

(-1

1903. in. in. in. in. in. in.

Feb. 9 Female Adult 160 138 50 68 68 ...

1904.

Feb. 26 Male
)>

132-1- 120 36* 601 59 4U

Mar. 18
)) )j 134 37* 57i 49 ...

Jan. 7 Female
1) 138 ...

„ 7 )) jj 136 ...

„ 30 Male )j 107^

Feb. 5 Female
>>

1401

Limbs.

Fore Flipper.

j5 6C

o w

28|

25^

30

in.

221

221

m.
13i(base)

14*

Hind Flipper,

O W

m.
22

21i

S to

5m

in.

20

21i

21^ 22i

Eye.

-^ a

O c3

-^2 ^H tn
c3 c3 <c

'^ '3 3

in.

7i (base)

37 11 X I
133 (base)

02

111.

8*

26
14 (base)

1^X1

1903.

0'mmatcyphoca rossi

II. Feb. 6

1904.

Female Adult 90 49
41*

52 54 16 8i (base) 16 14* 25 l*xl 6

XLIII. Feb. 28 Male n 100|
101 (ven-

tral)

891
92 (ven-
tral)

38p 55| 56i m 18* 18f 24
11 (base)

l*x| q

Otaria jubaia

XXXIX.
1904.

Feb. 6 Male Adult 128^ 62 661 81*
(shoul-
ders)

35^ 11 19 25 23^ 14

Neck immediately posterior to occiput.
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(the Sea-leopard).

Weight.

Total.

lb.

606

630

Liver.

lb. oz.

Kidneys.

Eight. Left.

lb. oz. lb. oz.

1 7 1 9

Lungs.

Eight.

lb. oz.

Left.

lb. oz.

the Ross Seal).

475

400

he Patagonian Sea-lion).

1150
circa)

Heart.

lb. oz.

2 12

General Eemarks.

Shot by J. H. H. Pirib at Station 183, 59° 42' S., 34° 13' W.
Anus to umbilicus, 35 inches ; tail, 5 itjches. Skin and skull preserved

and presented to the Royal Scottish Museum.
Shot by J. H. H. Pirib at Station 387, 65° 59' S., 33° 06' W.

Stomach empty ; no parasites in stomach
;

gut not examined.

Additional measurements and weights : entire gut, 54 feet ; rectum,

2 feet
;
penis and testes weighed, 1 lb. 4 ozs.; weight of body, 317 lbs.;

skin, flippers and head, 286 lbs.; blood about 3 lbs. Anus to penis,

22J inches ; anus to tip of tail, 9 inches. Mouth, tip of chin to gape,

8"1 inches. Skeleton presented to the Anatomical Museum of the

University of Edinburgli. Skin presented to the Museum of the

Perthshire Society of Natural Science, Perth.

Shot by J. H. H. Pirie, Station 417, 71° 22' S., 16° 34' W. Penis

to anus, 22 inches ; anus to tip of tail, 10 inches ; from eye to gape, 4^
inches ; from angle of lower jaw to gape, 7| inches

;
penis to umbilicus,

9J inches ; tip of lower jaw to umbilicus, 77^ inches. Cast of skull

made. Nothing was found in stomach, but there Avere penguin feathers

in the gut. Skin presented to the Royal Scottish Museum.
Shot by J. H. H. Pirie on the Beach, Jessie Bay. Uterus empty.

Stomach contained much sand, many penguin feathers, and a few
nematodes. Changing coat.

Shot by J. H. H. Pirie on the Beach, Jessie Bay. Uterus empty.

Gut, 92 feet. Stomach contained large quantity of shrimp-like

crustaceans, too far digested to recognise ; one set of penguin tail

feathers. Numerous nematodes and castodes in intestine.

Shot by J. H. H. Pirie on the Beach, Jessie Bay. Stomach con-

tained large quantity of small crustaceans.

Shot by J. H. H. Pirie on the Beach, Jessie Bay. Uterus empty.

Stomach contained penguin remains.

Shot by J. H. H. Pirie at Station 165, 60° 06' S., 43° 00' W.
Tail (webbed), 5 inches. Skull and skin preserved. Skin presented

to the Eoyal Scottish Museum.
Shot by J. H. H. Pirib at Station 393, 66° 21' S., 28° 30' W.

Entire gut measured 268 inches ; from tip of lower lip to umbilicus, 57|
inches: umbilicus to penis, 4| inches; penis to anus, 21 inches; anus

to tip of flipper, 17| inches ; mouth from tip of chin to gape, 3f inches.

Cuttle-fish beaksandcuttle-fish,and apparentlyscales of fishes instomach.

Gut full of tape-worms. Skin presented to Eoyal Scottish Museum.

Shot on Lower Tussock Island, Port William, Falkland Islands,

Station 349. Additional measurements: from anus to penis, 12 inches
;

from penis to umbilicus, 11 inches; chest between fore flippers,

31 inches. Skeleton in Scottish Oceanographical Laboratory. Skin

presented to Royal Scottish Museum.
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Plate I.

[Photo hy W. S. Bnice.

1. Leplont/choies weddclU (Weddell Spa.l).

-> '•' >

[Photo b;/ J. B. 11. Pirie.

3. StciLorhynchus leptonyx (Sea-leopard Seal).

[Photo hy R. A'. R. Brown.

2. Lohodon carciaophcc/a (White Antarctic Seal).

[Photo by W. S. Rrvce.

i. Ommalophoca rossi (Ross Seal).
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Plate II.

\Ph„tu hji R.iwjind Ward.

Ui.uria juhidii (Patagonian Sea-lioii) in Royal .Sc^ottisli Museum, from Tussock Island, Port William, Falkland Islands.

Weight, about 1150 pounds.
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IX.—Spongiaires de 1'Expedition Antarctique Nationale Ecossaise. Par Emile

Topsent, Professeur a I'Universite de Dijon. Presents pai' le Dr. W. S. Bruce.

(Avec six planches.)

(Read December 16, 1912. Revised MS. received December 24, 1912. Issued separately August 20, 1913.)

Au retour de sa belle campagne de 1902 a 1904 dans 1'Antarctique, M. le Dr.

William S. Bruce m'a fait I'honneur de m'ofFrir I'etude des Spongiaires recueillis a

bord de la Scotia. Voici de quoi se compose cette collection qui, a certains egards, oifre

un interet considerable.

HEXACTINELLIDA.

I. S.O. HEXASTEROPHOEA.

Famille Euplectellid^.

Malacosaccus pedunculatus, Topsent.

„ coatsi, Topsent.

Accelocalyx brucei, Topsent.

Docosaccus ancoratus, Topsent.

Famille Caulophacid^.

Caulophacus instahilis, Topsent.

„ scotiw, Topsent,

Famille Rossellid^.

Bathydorus levis, F. E. Schulze, var. ciliatus, Topsent.

Calycosom.a validum, F. E. Schulze.

Famille Coscinoporid^.

Chonelasma sp.

II. S.O. AMPHIDISCOPHORA.

Famille Hyalonematid^.

Hyalonema sp.
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TETRACTINELLIDA. -

S.O. CHORISTIDA.

Tribu Astrophora.

Famille Asterostreptid^.

Pacliastrella monilifera, 0. Schmidt.

Poecillastra incrudans, SoUas.

,,
compressa, (Bow.) Soil., vai. parvistellata, n. var.

MONAXONIDA.

I. S.O. HADROMERINA.

Famille Suberitid^.

Pseudosuberites exalbicans, n. sp.

11. S.O. HALICHONDRINA.

Famille Axinellid^e.

Hymeniacidon fernandezi, Thiele.

Buharis murrayi, n. sp.

Famille Pcecilosclerid^.

Sous-famille Ectyoninse.

Raspaxilla phakellina, n. g., n. sp.

Dictyociona discreta, (Thiele), n. g.

Clathria toxipraidita, n. sp.

Stylostichon toxiferum, n. sp.

„ nobile, var. patagonicum, (Kidley et Dendy)

I'opsent.

Dendoryx nodaspera, n. sp.

Sous-famille MyxillinsB.

Myxilla spongiosa, Rdl. et D., var. asigmata, Topsent.

Lissodendoryx huchanani, n. sp.

lophon pluricornis, Topsent.

„ unicornis, Topsent.
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lophon spatulatus, Kirkpatrick.

,-, Jiahello-digitatus, Kirkpatrick.

Tedania murdochi, n. sp.

,, charcoti, Topsent.

Sous-famille Mycalinse.

Mycale magellanica, (Ridley) Topsent,

,, acerata, Kirkpatrick.

,, pellita, n. sp.

Cladorhiza thomsoni, Topsent.

Homoeodictya verrucosa, n. sp.

,, setifera, Topsent.

Desmacidon ? sp.

Famille HAPLOSCLERiDiE.

Gellius arcuarius, n. sp.

Toxochalina rohvsta, Rdl. et D.

Petrosia depellens, n. sp.

Reniera cylindrica, n. sp.

,, dancoi, Topsent.

sp.

Une autre liste des especes, dressee par stations, aura I'avantage de faire connaltre a

la fois leur distribution geographique et bathymetrique et leurs associations.

Station 301.

13 mars 1903, 64° 48' lat. S., 44° 20' long. W.; 2485 brasses.

Docosaccus ancoratus.

Accelocalyx hrucei.

Station 313.

18 mars 1903, 62° 10' lat. S., 41° 20' long. W.; 1775 brasses.

Caulophacus instahilis.

Calycosoma validum.

Station 325.

Avril-aoM 1903, Scotia Bay, Orcades du Sud, 60° 43' 42" lat. S., 44° 38' 33" long. W.

;

9-10 brasses.

lophon unicor7iis.

,, pluricornis.

,, spatulatus.

,, Jiahello-digitatus.
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Mycale acerata.

Homoeodictya setifefxi.

Gellius arcuarius.

Petrosia depellevis.

Reniera cylindrica.

,, dancoi.

sp.

Station 346.

1" d^cembre 1903, Banc de Burdwood, 54° 25' lat. S., 57° 32' long. W. ; 56 brasses.

Eossellides roulees.

Raspaxilla phalcellina.

Clathria toxiprsedita.

Stylosticlion nobile patagofiiciim.

Dendoryx nodaspera.

Lissodendoryx buchanani.

Tedania charcoti.

Mycale magellanica.

„ pellita.

Homoeodictya verrucosa.

Desmacidon ? sp.

Toxochalina rohusta.

Station 118.

|er f^yrier 1904, Port Stanley, lies Falklands ; 6 brasses.

Tedania murdochi.

Hymeniacidon fernandezi.

Station 417.

18 mars 1904, 71° 22' lat. S. ,16° 34' long. W.; 1410 brasses.

Malacosaccus pedunculatus.

,, coatsi.

Caulophacus scotiw.

Chonelasma sp.

Hyalonema sp.

Myxilla spongiosa asigmata.

Station 420.

21 mars 1904, 09° 33' lat. S., 15° 19' long. W.; 2620 brasses.

Bathydorus Levis ciliatus.
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Station 461.

22 avril 1904, He Gough, 40° 20' lat. S., 9° 56' 30'' long. W. ; 100 brasses.

Pachastrella monilifera.

Poecillastra incrustans.

„ compressa parvistellata.

Pseudosuherites exalbicans.

Bubaris murrayi.

Dictyociona discreta.

Stylostichon toxiferum.

Station 468.

29 avril 1904, 39° 48' lat. S., 2° 33' long. W. ; 2770 brasses.

Cladorhiza thomsoni.

HEXACTINELLIDA.

La recolte de la Scotia en Hexactinellides a ete particulierement riche. Ces

Eponges abondent dans TAntarctique et cela par des profondeurs meme mediocres.

Cette constatation est certainement, en matiere de spongologie, le resultat le plus

interessant de I'exploration zoologique de cet ocean, a laquelle plusieurs nations

collaborent depuis une douzaine d'annees. Je I'ai deduite, des 1901 (26), de I'etude

des Spongiaires recueillis par la Belgica, I'opposant, en reponse a I'hypothese de la

bipolarite des faunes, a la remarquable penurie des mers arctiques en Hexactinellides.

II y a surtout des Rossellidae. Toutes les Hexactinellides rapportees par la

Discovery et les deux tiers de celles obtenues par le Gauss appartiennent a cette

famille, qui avait deja fourni la part la plus importante de la collection de la Belgica.

Le Frangais n'a rien trouve qui m6rite d'etre cite, mais le Pourquoi Pas?, a en juger

par un examen superficiel des materiaux qui m'ont ete confies, a reuni de Rossellides

une nouvelle et copieuse collection.

En revanche, il est de grosses families d'Hexactinellides dont les expeditions

antarctiques ne nous ont presque rien appris : les Euplectellidm, les Caulophacidw et

les Hyalonematidse.

Cela tient a ce que ces Eponges font en general partie de la faune abyssale et que la

plupart des campagnes scientifiques ont ete dirigees dans des portions de I'Antarctique

aux eaux peu profondes. La Belgica a opere le long des terres de Graham et d'Alex-

andre I®'', par des profondeurs inferieures a 600 m. Le Francais et le Pourquoi Pas?

ont successivement explore ces memes parages. La Discovery, le long de la Terre

Victoria, a pris presque toutes ses Hexactinellides par moins de 500 m. (plusieurs

meme par moins de 100 m.), a I'exception d'une seule—une Rossellide quand meme

—

recueillie par 914 m. de profondeur au large des Mts. Erebus et Terror. Le Gauss,

enfin, dans le nord-west de sa station (66° 2' 9" lat. S,, 89° 38' long. E.), rencontra des
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profondeurs de 2450 m. a 3397 m. qui lui fournirent un Caulophacus, C. antarcticus

et un Hyaloiiema, H. drygalskii.

De toutes les expeditions, c'est celle de la Scotia qui, fouillant les eaux profondes

entre les Oread es du Sud et la Terre de Coats, a I'entree de la Mer de Weddell, a le

plus contribue a faire connaitre les Hexactinellides antarctiques de families abyssales.

La Scotia a, comme le Gauss, outre quelques Rossellides de grands fonds, des

genres Bathydoi^us et Calycosoma, obtenu un Hyalonema. Elle a aussi dragu6 deux

Caulophacus nouveaux, dont I'un, C. scotiae Topsent, de taille geante, atteint pres d'un

metre de hauteur. Mais mieux, elle fut la seule a recueillir des Euplectellidae.

Ce qu'elle en prit ofFre un int^ret d'autant plus grand qu'il s'agit A'Euplectellinse et

que, des quatre especes qui figurent dans sa collection, deux se rattachent au genre

Malacosaccvs, fort rare et jusqu'a present mal connu, tandis que les deux autres

representent chacune un genre nouveau, ce qui 61eve de 3 a 5 le nombre des genres de

cette sous-famille.

Je n'ai inscrit sur la liste generale des Hexactinellides de la Scotia (p. 579) que celles

dont il m'a et6 possible de reconnaitre au moins le genre : un Hyalonema et un

Chonelasma n'etaient pas determinables comme especes et ne pouvaient servir de types

a des especes nouvelles. J'ajouterai que, sur le Banc de Burdwood, par la tres faible

profondeur de 56 brasses, il a ete pris plusieurs fragments d'Hexactinellides dont je

n'ai meme pas pu soup9onner le genre ; ce sont des masses feutrees, compactes, sans

orifices ni canaux visibles, sans structure definie, composees surtout de diactines mais

avec un melange d'hexactines et de pentactines inegales et de beaucoup d'hexasters

dont les rayons se montrent quelquefois bifides, quand leur taille est tres faible. J'ai

photographie deux de ces masses (PL HI. fig. 10). Elles m'ont rappele dans une certaine

mesure les masses feutrees de spicules de Rossellides que le Frangais a recueillies en

abondance (28, p. 11) dans un dragage aupres de I'lle Anvers, a pen pres par la meme

profondeur
;
pourtant, les spicules sont ici ordinairement en bon etat et je crois qu'il

s'agit cette fois d'Eponges roulees plutot que d'amas de spicules fa9onnes par des

courants.

I. S.O. HEXASTEEOPHOEA.

Famille Euplectellid^.

Malacosaccus pedunculatus, Topsent.

1910. Malacosaccus pedunculatus, Topsent (30, p. 1).

Station 417, 18 mars 1904; 71° 22' lat. S., 16° 34' long. W.
;
profondeur, 1410

brasses.

Le type de cette espece est de tous les Malacosaccus recueillis jusqu'a present celui

dont la forme peut recevoir la description la plus complete. En raison de sa mollesse,

il n'a naturellement pas pu subir sans de graves dommages les brutalites d'un engin qui

I'a traine sur la vase avant de le ramener d'une profondeur aussi considerable ; il est
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arrive a la surface divise en deux morceaux plus ou moins d^terior^s, mais ses debris

suffisent a imaginer de 1'ensemble une restauration qui ajoute a la connaissance de la

forme des Malacosaccus : le rebord de la coupe pent avoir un bourrelet marginal et le

corps est porte sur une colonne de triactines.

L'un des fragments se presente comme une grande plaque spongieuse, tres molle,

haute de 14 centimetres, large de 18 centimetres a un bout et de 12 centimetres a

I'autre, epaisse de 4 a 7 millimetres ; un bourrelet, qui limite son cote le plus etendu,

contraste avec les autres bords, effiloclies, et marque de toute evidence le bord superieur

de I'Eponge. Les deux faces de la plaque s'orientent aisement grace a la difference

de leurs orifices. En pliant la plaque la face cloacale en dedans, le bourrelet marginal

en haut, de maniere a placer ses bords lat6raux en regard l'un de I'autre, on lui redonne

presque ce qui semble avoir ^te sa forme naturelle, celle d'un calice, qu'un accident a

fendu et ouvert de liaut en bas. Un tel calice mesure, a cet etat, 14 centimetres

de hauteur, 9 centimetres de largeur en haut et 6 centimetres environ vers le

bas. A supposer que sa section ait ete circulaire dans des conditions normal es,

son diametre exterieur, a Ten tree, devait etre a peu pres de 6 centimetres ; mais sa

mollesse est telle que, dans I'alcool, ses moities repliees s'aplatissent I'une sur I'autre.

Les parois de ce long calice ont leur maximum d'epaisseur vers sa base, puis vont

doucement s'amincissant jusqu'au niveau du bourrelet marginal. Celui-ci est large de

10 a 12 mm. Dans les conditions oii je I'observe, il apparait comme une bande

imperforee, densement velout^e, nettement limitee, et tout entiere situee en bordure

de la face cloacale ; mais on pent supposer que les bords du calice se tenaient, durant la

vie, quelque peu evases et ramenaient le bourrelet dans une position a peu pres

horizontale. Notons de suite qu'il ne porte pas le moindre vestige d'une frange ciliee.

La face externe du calice est percee de nombreux orifices, plus ou moins circulaires,

pour la plupart petits (l mm. a r5 mm.) mais atteignant souvent 3 mm. et plus de

diametre. lis ont dii etre tous tendus d'un reseau d'hexactines en glaive, qui, par

places, les recouvre encore. Ces hexactines dermiques forment aussiun revetement aux

portions charnues comprises entre les orifices, et leur actine distale, bien developpee,

donne a toute la surface du corps une legere hispidation, perceptible a I'oeil nu. A la

face cloacale sont beants, comme chez Malacosaccus vastus, de grands orifices composes,

larges de 8 a 12 mm., dont les intervalles se parsement en outre de perforations

beaucoup plus dtroites. Par en bas, une decliirure profonde entame la paroi. C'est

de-la, selon toute probabilite, que le second fragment s'est detache, mais non sans une

certaine perte de substance, car il est actuellement impossible de remettre en rapport

d'une fa9on satisfaisante les parties disjointes.

Autant le premier fragment, qui represente le corps de I'Eponge, ressemblait a

I'unique morceau de Malacosaccus vastus obtenu par le Challenger (12, pi. xviii. fig. 1),

autant le second, qui en figure I'appareil de fixation, rappelle un specimen de M.

fioricomatus recueilli par la Princesse-Alice (27, pi. iii. fig. 10). C'est, de meme, une

colonne tres molle, relativement longue (10 cm.) pour son epaisseur (2 cm.) et
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terminee par de belles soies fasciculees. La colonne est pleine ; sa surface, diverse-

ment plissee, a beaucoup soufFert et ne montre d'orifices pareils a ceux du M.

Jioricomatus en question que tout-a-fait en bas. a la naissance des soies. Celles-ci se

disposent en deux touftes bien distinctes, paralleles mais fort inegales, I'une tres fournic,

epaisse de 3 mm. et longue de 95 mm., I'autre plus maigre, n'atteignant guere que le

tiers de cette longueur.

Comme les soies ont elles-memes beaucoup de souplesse, on se demande comment

une Eponge aussi molle et d'aussi grandes dimensions pent s'etre tenue debout sur un

systeme aussi peu resistant. Cependant, la spiculation etant identique, les deux

fragments appartiennent certainement a une meme espece du genre Malacosaccus ; or,

considerer ce corps caliciforme et cette base fixatrice comme provenant de deux

specimens differents recueillis en meme temps, serait moins logique que les tenir pour

des parties d'un seul et meme individu et ne modifierait pas la conception qu'ils nous

suggerent de la forme generale de M. peduncnlatus.

La charpente du parenchyme se compose typiquement d'hexactines souples a actines

lisses, tres legerement renflees au bout, longues de 1 mm. a r8 mm., epaisses seulement

de 0*013 mm. a la base et de 0"007 mm. vers I'extremite ; mais, au voisinage des deux

faces comme au pourtour des canaux qui traversent le corps, elles se moditient pour

ne determiner aucune hispidation et, perdant une de leurs actines ou plusieurs, se

reduisent en pentactines, en triactines, plus rarement en tetractines, jamais en

diactines.

Le reseau dermique est fait, comme d'habitude, d'hexactines en glaive ; leur

actine distale, longue de 0*3 mm., en moyenne, se renfie, devient fusiforme, epaisse

de O'OOS mm. a 0'012 mm., et se couvre d'epines appliquees, relevees vers la pointe

libre ; les actines tangentielles, faiblement epineuses, sent un peu plus longues que

la distale (0"38 a 0'4 mm.) et de moindre epaisseur qu'elle
;
quant a la proximale,

lachement epineuse et souvent flexueuse, c'est de beaucoup la plus grele et la

plus longue, car elle varie entre 0*75 mm. et 1 mm. Au niveau du bourrelet

marginal, ces spicules se serrent davantage, leurs actines tangentielles prenant

alors la meme longueur que la distale ; celle-ci est presque toujours surmontee d'un

floricome. C'est a I'ensemble de ces pointes plus nombreuses et ornement^es, ainsi

qu'a I'absence d'orifices entre elles, que le bourrelet marginal, en relief sur les parties

avoisinantes, doit son aspect particulier. A la base des toutfes fixatrices, les hexactines

en glaive ont leur actine distale tres developp6e.

A la face cloacale aussi se trouvent des hexactines en glaive, mais par places seule-

ment ; les megascleres de revetement de cette face sont pour la plupart des pentactines,

a actine distale reduite a I'etat de tubercule court, a actines tangentielles longues de

0'22 mm. a 0*38 mm. et a proximale de 0"4 mm. Les hexactines, la oil elles se

rencontrent, m'ont paru avoir une actine distale plus courte (0'23 mm.) que I'actine

correspondante des hexactines dermiques.

Malacosaccus peduncnlatus ne possede pas d'hexactines hypodermiques.



SPONGIAIRES DE L'EXPEDITION ANTARCTIQUE NATIONALE ECOSSAISE. 587

Les microscleres sont : 1. des Jloricomes, a rayons primaires courts, portant 8 ou 9

rayons secondaires tres arques, tres greles a la base, puis renfles et termines par une

palette de O'Ol mm., qu'ornent 6 a 8 dents marginales. lis abondent sur le bourrelet

marginal et y atteignent 0"145 mm. de diametre. lis demeurent un peu plus petits

(0'12 mm.) sur le reste de la surface de I'Eponge. lis ne sont pas rares, avec

0"! mm. a 0"12 mm. de diametre, dans le parenchyme. Enfin, je les observe, avec un

diametre de O'l mm., en trop grand nombre a la face cloacale pour ne pas admettre

qu'ils s'y trouvent en place.

2. Des discohexasters, a rayons primaires courts, portant chacun quelquefois trois

mais le plus souvent deux rayons secondaires presque droits, raboteux, un peu epaissis

(ils passent de 0"002 mm. a 0*0035 mm.) au-dessous de leur disque terminal, lequel est

large de 0"006 mm. a O'Oll mm. et porte de petites dents a son pourtour. Le diametre

de ces discohexasters varie entre 0"! mm. et O'l 7 mm. Sans diminuer sensiblement

de taille, elles ont parfois leurs rayons secondaires tres greles, lisses, un peu renfles

quand meme au bout, au-dessous du disque, qui est alors etroit mais s'orne en revanche

de dents plus longues. II existe de ces spicules un peu partout, dans le parenchyme,

aupres de la surface et a la base des touffes de soies ; cependant ils s'y montrent

toujours clairsemes.

3. Des oxyhexaste7\s, a rayons secondaires par deux et pointus. Je n'en ai pu

decouvrir que trois ou quatre, de sorte que je n'ose affirmer qu'elles appartiennent

reellement a notre Eponge.

Les toutfes fixatrices se composent, comme chez Malacosaccus Jloricomatus, de

triactines lisses derivees d'hexactines ; deux des actines qui leur restent, s'orientant

suivant le grand axe de la touffe, acquierent une grande longueur, tandis que la troisieme,

qui leur est perpendiculaire, demeure beaucoup plus courte ; c'est par cette derniere

seulement que les soies se tiennent entre elles, car il ne se developpe nulle part de

synapticules, Ces triactines sont de taille tres inegale, tons les intermediaires existant

entre celles qui, donnant aux touffes leur aspect fibrillaire, arrivent a depasser 6

centimetres de longueur sur 0"17 mm., depaisseur et celles, en quantite bien

superieure, qui restent fines et relativement courtes et forment un remplissage entre

les precedentes. En outre, de leurs deux actines axiales. Tune prend frequemment

un plus grand developpement que I'autre, de sorte que I'actine transversale ne

se detache pas du spicule en son milieu mais plus ou moins pres de I'une de

ses extremites.

Des prelevements effectues en divers points de I'appareil fixateur ne m'ont pas

fourni une seule ancre.

En resume, Malacosaccus pedunculatus offre dans sa spiculation des particularites

qui le caracterisent bien en tant qu'espece. II est le premier dont le revetement

cloacal comprenne des pentactines. Ses floricomes se rapprochent par leur forme de

ceux de M. vastus, mais ses discohexasters sont plus simples que partout ailleurs. Les

onychasters lui font defaut et peut-etre meme les oxyhexasters.
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Malacosaccus coatsi, Topsent. (PI. II. fig. 4 et 5, et PI. VI. fig. 1.)

1910. Malacosaccus coatsi, Topsent (30, p. 3).

Station 417, 18 mars 1904; 71° 22' lat. S., 16' 34' long. W.
;
profondeur, 1410

brasses.

Les notions que le type de Malacosaccus pedunculatus nous a fournies sur la

morphologie des Eponges du genre Malacosaccus se trouvent en quelque sorte

completees par celui de M. coatsi ; celui-la, malgre une d^chirure longitudinale, n'a

rien perdu de sa partie superieure ; celui-ci possede au complet son appareil de fixation.

Grace a eux, les Malacosaccus se revelent comme des Euplectellin^ en forme de coupe

molle, portee par un pedoncule qu'une touff'e d'ancres termine et fixe dans la vase. Le

plus beau des pedoncules recueillis de M. floricomatus aurait pu faire deviner un tel

mode d'attache, mais tout demontre aujourd'hui que je lui ai d'abord prete une orienta-

tion inverse de celle qui lui est naturelle (27, pi. i. fig. 1). Fort bien caracterise,

d'ailleurs, par ses beaux floricomes a rayons terminaux en groupes de quatre, par ses

petites onych asters periplieriques et par ses hexactines hypodermiques speciales,

M. Jioricomatus est, de tous, celui dont on connait le moins bien la forme. La

Princesse-Alice n'en a obtenu que trois fragments cliarnus, dont deux, prolonges en

un commencement de pedoncule, representent manifestement des bases de specimens,

correspondent au fragment inferieur de M. pedunculatiis et sont, comme lui, depourvus

de cavite axiale ; le troisieme est plus aplati, mais je n'ai pas cru devoir le considerer

comme un lambeau de la portion superieure d'un grand specimen tubuleux, pour ces

motifs que ses bords tournent et que les spicules se repetent sur ses deux faces.

II est bien difficile de se faire une opinion ferme sur de tels fragments et la mienne,

d'apres laquelle M. jioricomatus manquerait de cavite cloacale et constituerait ainsi une

veritable exception, a besoin d'etre corroboree. Je suis revenu de la surprise que m'a

causee I'existence par tout son parenchyme de floricomes nombreux, alors que, chez les

seules especes avec lesquelles la comparaison etait alors possible {M. vastus F. E. Sch.

et M. unguiculatus F. E. Sch.), ces microscleres avaient ete notes comme exclusivement

cantonn^s k la pointe des hexactines dermiques : d'autres exemples tres nets de leur

repartition par toute I'epaisseur du corps nous sont, en efi"et, off"erts maintenant par les

deux Malacosaccus de la Scotia. Ce qui paraissait etrange a ce sujet semble desormais

naturel. Mais je me rends compte que la decoupure en gros lobes des parois de

M. coatsi pent conduire a se demander si M. jioriconiatus a reellement le corps plain

ainsi que ce que j'en ai vu me I'a fait admettre.

II est regrettable que ce Malacosaccus coatsi ait lui-meme sa partie spongieuse si

gravement endommagee. Cupuliforme dans son ensemble, celle-ci contraste avec la

partie homologue des M. vastus, M. unguiculatus et M. pedunculatus par une allure

fort irreguliere. Ses parois, des la base, se soulevent en de grosses tub^rosites qui lui

donnent un aspect lobe. Entre les tuberosites s'etendent des plis profonds et raeme,

sur un c6t6 (PI. II. fig. 5, a gauche), une haute echancrure par laquelle la cavite cloacale
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communique largement avec I'exterieur. Epaisses, en grande partie, de 13 a 15 mm.,

les parois conservent cependant une grande mollesse ; aussi se sont elles d^chirees

avec trop de facilite. On ne peut plus se faire une idee de ce qu'etait I'ouverture

cloacale ; 1 echancrure precitee laisse seulement supposer qu'elle devait manquer de

symetrie. De meme, il est difficile de dire si le corps spongieux etait beaucoup plus

vaste que ses debris ne le montrent
;
pour ma part, je ne le crois pas, parce qu'un

lambeau actuellement detache, qui completait sans doute la coupe (PL II. fig. 5, a droite

et en avant), haut de 6 centimetres, va s'amincissant jusqu'a mesurer moins de 2 mm.

d epaisseur. De ce cote, la hauteur totale de la coupe, en comptant les grosses tube-

rositas de sa base, ne serait guere que de 8 a 9 centimetres. Son plus grand diametre

est de 7 centimetres, y compris toute I'epaisseur des parois. La surface, anfractueuse,

mais tres faiblement hispide, a possede un revetement reticule continu ; dans les points

seulement oii il a ete enleve, les orifices, inegaux, sans ordre, se montrent a nu.

La cavite cloacale, etranglee par le plissement des parois, est, on le congoit, fort

tourmentee ; relativement etroite, elle se divise, au niveau du sommet de la plus grosse

tuberosite inferieure, en trois diverticules inegaux, dont le plus vaste se prolonge encore

verticalement sur une longueur de 4 centimetres. La surface cloacale, unie, tres fine-

ment hispide, se perce d'orifices en general plus petits que ceux de la face externe,

rarement larges et composes, toujours nus et beants.

Le pedoncule a une taille pen en rapport avec ce qui reste de la portion charnue

et probablement meme avec ce que fut cette partie de I'Eponge. C'est une colonne

solide, un peu noueuse dans son tiers superieur, marquee en bas d'un bourrelet

annulaire, puis fortement renflee en un bulbe porteur d'une abondante touffe de soies.

Le tout mesure, a partir du bas de la grosse tuberosite spongieuse et sans compter les

soies, environ 38 centimetres de longueur. Le diametre n'a pas moins de 7 centimetres

au niveau du bulbe ; il se reduit a 5 centimetres au niveau du bourrelet annulaire et

a 3 centimetres vers le milieu de la longueur du pedoncule proprement dit ; mais ce

dernier est un peu aplati dans sa region mediane et ne mesure pas 2 centimetres

comme autre dimension. Ces diverses parties de I'appareil fixateur ont leurs homologues

dans le pedoncule de Malacosaccus Jloricomatus que j'ai fait dessiner (27, pi. i. fig. 1),

par m^prise, la base en haut. Le pedoncule n'a plus son revetement d'hexactines

en glaive que dans sa portion noueuse et au voisinage du bourrelet annulaire, et, par

suite, parait fibreux sur la majeure partie de son etendue. Le bourrelet annulaire est

lisse et blanc ; nous verrons qu'il est constitue par une accumulation de petites

hexactines, deja observee au point correspondant chez M. Jloricomatus. Le bulbe,

enfin, se compose d'une masse d'hexactines semblables dans laquelle s'implantent en

outre des ancres ; un nombre considerable d'ancres brisees tout pres de sa surface et

les traces de la vase dans laquelle il s'enfon9ait, le rendent hispide et grisatre.

Spiculation.—Les spicules dermiques sont des hexactines en glaive (PI. VI. fig. la),

d'une ressemblance frappante avec leurs homologues de Malacosaccus pedunculatiis

;

I'actine distale, claviforme, longue de 0"31 mm. a 0'38 mm., epaisse de 0*015 mm. a
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0*022 mm. en son renflement subterminal, porte des epines retroussees, faibles, souvent

reduites a I'etat de tubercules ; les autres actines sont fines et a peine rudes, la proximale

habituellement fort longue et souple, les tangentielles egales a la distale ou seulement

un peu plus longues qu'elle. Ces megascleres dessinent un reseau carre ou plus

fr^quemment rectangulaire, a mailles larges de 0'35 mm. a 0"38 mm,, cliaque actine

tangentielle de I'un d'eux s'accolant a une actine tangentielle d'un spicule voisin et se

terminant a une faible distance du pied de son actine distale. Sur le pedoncule, les

hexactines dermiques, au lieu de dessiner un reseau, entrecroisent leurs actines

tangentielles et se serrent, par consequent, davantage les unes contre les autres.

Elles J changent, en outre, un peu de caractere (PI. VI. fig. lb) : I'actine distale reste

plus courte (0"23 mm. a 0*24 mm.) mais devient plus grosse (0'024 mm. a 0'028 mm.) ; les

autres actines s'epaississent (0'013 mm. a 0"015 mm. a la base au lieu de 0'006 mm. a

0*008 mm.) et accusent leurs epines ; la proximale atteint moins de deux fois la longueur

des tangentielles.

Les spicules gastriques sont des hexactines, a actines epineuses, la distale longue de

0"23 mm. a 0*24 mm., plus breve, par consequent, que celle des hexactines de la surface

du corps, plus mince aussi et non claviforme mais fusiforme (PL VI. fig. Ic), avec

0*0 13 mm., par exemple, d'epaisseur en son milieu et seulement 0"008 mm. a quelque

distance de sa pointe ; les tangentielles un peu plus longues et la proximale un peu

plus encore. Par places seulement, ils se reduisent en des pentactines pareilles a

celles de M. pedunculatus. lis forment, comme les spicules dermiques, un reseau

r^gulier a mailles de 0*26 mm. environ ; mais, en outre, en bien des points, siuon

partout, ils se disposent en deux rangs superposes.

Les megascleres du parenchyme sont des hexactines (PI. VI. fig. Id) a actines

longues et souples, epaisses de 0'013 mm. a 0'02 mm. a leur origine, lisses, a pointes

obtuses. Elles se reduisent frequemment en pentactines aux approches des parois

des canaux ou des deux faces du corps. Elles subissent en outre au-dessous du

revetement dermique une importante modification qui ne s'observe pas chez Malaco-

saccus pedunculatus : elles doublent (0'03 mm. a 0"04 mm.) I'^paisseur de leurs actines

et souvent se reduisent en pentactines (PI. VI. fig. le) ; augmentant dans une certaine

mesure la consistance de la chair au voisinage de la surface, elles remplacent evidem-

ment, a ce niveau, les hexactines hypodermiques plus hautement diiferencides de

M. jloricomatus.

Ce sont les memes spicules que ceux du parenchyme qui forment le pedoncule,

mais, a cette fin, ils se reduisent presque tons en pentactines, en tetractines ou en

triactines. Les megascleres principaux sont meme toujours ramenes a I'^tat de

triactines speciales, a actines paires placees bout-a-bout suivant le grand axe de

I'organe, a actine impaire beaucoup plus courte et plus grele, recourbee dans la direction

du corps spongieux et engagee entre les autres spicules pour les maintenir en place,

Certaines de ces triactines atteignent 7 centimetres de longueur et pres de 0*5 mm.

d'epaisseur en leur milieu.
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Le bourrelet annulaire consiste en un feutrage d'hexactines inegales, a actines

droites, fines, epineuses, longues de 0'04 mm, a 0*05 mm. seulement, semblables a

celles qui revetent le renflement basilaire du plus beau pedoncule connu de

Malacosaccus jioricomatus.

Les memes hexactines, densement enchevetrees, forment encore le bulbe, avec

addition des ancres. Celles-ci sont remarquables en ce que le croisement de leurs

trois axes s'opere non pas, comme chez les Euplectella, a une certaine hauteur le long

de leur tige barbelee, mais dans I'interieur de leur grappin terminal. Cinq des actines

ont done avort6 et I'ancre a la valeur d'une monactine. F. E. Schulze (13, p. 65,

pi. vi. fig. 16) a d^ja observe pareille particularite chez Placopegma solutum, mais,

comme le nombre des dents qu'y porte le grappin des ancres se trouve etre precisement

de quatre, il a cru pouvoir tenir ces dents pour autant d'actines de longueur reduite.

Les ancres de Malacosaccus coatsi ne permettent point une telle interpretation,

les 6 dents de leur grappin conique ne correspondant certainement pas a 4 actines.

Nous verrons de meme des ancres monactinales chez d'autres Euplectellines, Accelo-

calyx brucei et Docosacciis ancoratus.

Les microscleres ne different que par des details de ceux de M. pedunculatus.

Les floricomes se rencontrent dans toutes les parties de la coupe : a la surface, en

rapport avec le rayon distal des hexactines dermiques ; dans le parenchyme, surtout au

pourtour des canaux ; du cote cloaca], enfin, au-dessous de I'assise limitante d'hexactines

gastriques, sans le moindre rapport, par consequent, avec I'actine libre de ces spicules.

Chacun de leurs rayons primaires, court, comme d'habitude, porte 8 ou 9 rayons

secondaires beaucoup plus longs, greles a leur origine, puis doucement renfles a mesure

qu'ils se recourbent en dehors", enfin termines par une palette etroite dont le bord

extreme se d^coupe en 4 a 6 dents aigues. Le diametre des floricomes n'est que de

0*105 mm. a O'll mm.

Les discohexasters se repandent aussi par tout le corps ; mais c'est au voisinage de

sa surface qu'elles se trouvent le plus nombreuses et qu'elles prennent leur plus beau

d^veloppement. Leurs rayons secondaires se groupent toujours par 3 a 5. Leur

diametre, qui varie entre 0*08 mm. et 0"1 mm., est generalement en rapport avec la grosseur

de ces rayons. Les plus belles (PI. VL fig. Im) se singularisent presque toutes par

une tendance a imiter les floricomes ; leurs rayons secondaires, en eff"et, ne se terminent

pas par un disque veritable, mais par une expansion oblique a bord dente du cote libre

seulement ; beaucoup de ces rayons presentent m^me une courbure, parfois tres brusque,

destinee a rejeter leur terminaison en dehors du groupe mais, maladroitement, pro-

duisant souvent un eff"et contraire. La courbe, de direction encore plus hesitante sur

des discohexasters moins robustes, se transforme frequemment en une ondulation. Les

discohexasters a rayons tres greles que la chair renferme seules, ressemblent plus

rarement, meme de loin, aux floricomes ; leurs rayons, a courbure tres douce, ont pour

la plupart une expansion terminale fixee en son milieu et decoupee en dents si profondes

que le disque a proprement parler fait defaut (PI. VL fig. In).
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Les oxyhexasters sont rares, greles, a rayons secoiidaires par trois ; elles paraissent

se cantonner aiipres de la surface du corps.

En resume, independamment de ses caracteres exterieurs, Malacosaccus coatsi

possede dans sa spiculation quelques traits importants qui le distinguent de

M. pedunculatus ; sa surface est renforcee par des hexactines epaissies ; son revete-

ment gastrique se compose d'hexactines en glaive ; ses discohexasters, abondantes et a

rayons nombreux, se rapprochent du type floricome.

J'ai attache a cette espece le nom de MM. James et Andrew Coats, dont la generosite

a beaucoup contribue a rendre possible I'expedition antarctique nationale ecossaise.

Genre Acoelocalyx, Topsent.

Euplectellinw dont le corps tres mou, creuse d'une cavite cloapale a bourrelet

marginal, mais sans profondeur, est porte sur un pedoncule qui se termine par une

touffe d'ancres. Les orifices, assez grands, se distribuent sur toute la surface et sont

reconverts d'un reseau spiculeux. Les megascleres dermiques et cloacaux sont des

hexactines en glaive. Le squelette du parenchyme se compose d'hexactines souples,

distribuees d'une fa9on irreguliere. Elles se modifient en triactines pour constituer le

p6doncule. II n'existe pas de fioricomes ; les seuls microscleres presents sont des disco-

hexasters et des oxyhexasters.

Le genre Acoelocalyx prend place a cote du genre Malacosaccus parce que le

squelette sans ordre, fait d'hexactines souples, laisse chez I'un et chez I'autre une grande

mollesse au corps, et parce que, chez tons deux, I'appareil fixateur est semblablement

constitue. II s'en distingue par la forme de la partie spongieuse du corps ainsi que par

le manque absolu de fioricomes. 11 possede cette derniere particularite en commun avec

Holascus, un autre genre d'Euplectellines, mais la ressemblance de ce cote ne va pas

plus loin.

Acoelocalyx brucei, Topsent. (PI. I. fig. 1 et 2, et PL VI. fig. 4.)

1910. Acoelocalyx brucei, Topsent (30, p. 5).

Station 301, 13 mars 1903 ;
64° 48' lat. S., 44° 26' long. W.

;
profondeur, 2485

brasses.

Un seul specimen, mais dans un etat de conservation absolument remarquable, etant

donne ses dimensions et sa gracilite ainsi que la profondeur d'oii il fut ramen^. Sa

longueur totale depasse un peu 40 centimetres, dont environ 15 pour le corps spongieux,

22 pour le pedoncule et 4 pour la touffe fixatrice.

Le corps, excessivement mou, est de forme elanc6e, comprimee ; large de 23 milli-

metres un peu au-dessus de son attache et de 44 millimetres en son bord superieur, il

n'est epais que de 10 millimetres par en bas et de 7 ou 8 millimetres seulement vers

le haut. II a du cependant etre un peu plus cylindrique ; on pent supposer, en effet,

que I'orificc, en fente large aux levres, qu'il pr^sente en son sommet, etait bt^ant pendant
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la vie pour permettre I'evacuation de sa cavite cloacale et retroussait plus ou moins

ses bords en dehors.

Sur ces bords s'etend un bourrelet marginal continu, sans frange ciliee, large de

4 a 5 millimetres, en relief et bien delimite, imperfore, d'aspect veloute comme celui de

Malacosaccus jyedunculatus dont il est riiomologue evident et dont il a la constitution.

La surface du corps, intacte, sauf au voisinage du pedoncule sur les deux faces, est

tapissee par un reseau spiculeux a mailles carrees, dont chaque noeud se souleve en une

petite epine ; nous verrons que les elements constitutifs de ce reseau sont des hexactines

en glaive et que c'est par leur actine distale differenciee qu'ils determinent une hispida-

tion breve de I'Eponge. Le reseau passe sans se modifier au-devant des orifices perces

dans la parol du corps, permettant quand meme de les voir facilement par transparence,

lis se repartissent assez bien en deux categories : les uns, ovules ou polygonaux, plus

grands, n'excedant pas pourtant 1*5 mm. de diametre, distants de 2 a 3 millimetres;

les autres, plus ou moins punctiformes, semes dans les intervalles entre les premiers.

La cavite cloacale, extraordinairement reduite par rapport a la hauteur du corps, n'est,

en somme, qu'une petite poche de 2 centimetres a peine de profondeur et assez ir-

reguliere, son fond manquant de limite nette ; ses parois sont percees d'orifices de meme
taille que ceux de la face externe mais nullement tendus d'un reseau spiculeux.

Le pedoncule, presque rigide, un peu compressible toutefois, est droit, a peu pres

cylindrique, avec un diametre moyen de 6 millimetres. II a evidemment porte sur

toute son etendue un revetement d'hexactines dermiques qui continuait a sa surface

I'hispidation du corps ; mais des frottements Ten ont en majeure partie depouille,

mettant a nu ses longues soies paralleles et le faisant paraitre fibreux.

La touffe fixatrice commence par un renflement epais de 12 millimetres, oil

s'entassent parallelement des triactines et des ancres et que recouvrent encore des

hexactines dermiques
;

puis, se reduisant a des ancres, elle devient un pinceau

bien souple.

Dans son ensemble, la spiculation oflfre des caracteres specifiques tres saisissables.

Le parenchyme a pour megascleres des hexactines a actines lisses mesurant

couramment 2 millimetres de longueur mais seulement de O'Ol mm. d'epaisseur a la

base et de 0*005 mm. bien avant la pointe, fines et souples, par consequent, et tout

a fait impropres a lui constituer une charpente quelque peu solide. Au voisinage des

surfaces et au pourtour des canaux qui traversent la chair, el les se reduisent en

pentactines, quelquefois meme en stauractines, mais jamais en diactines.

Les hexactines en glaive du reseau dermique ont I'actine distale legerement renfiee

en massue a pointe conique, ornee d'epines basses, longue de 0'33 mm. a 0*37 mm.,

epaisse de 0'017 mm. a 0"02 mm. a sa naissance et de 0"02 mm. a 0'023 mm. au-

dessous de sa pointe ; leurs actines tangentielles sont longues de 0"45 mm. et la proximale

de 0"3 mm. a 1*4 mm., suivant leur position ; ces dernieres sont lachement et faiblement

epineuses. Les hexactines du bourrelet marginal, plus serrees, n'ont pas leurs actines

tangentielles plus longues que la distale ; leur actine proximale est toujours tres longue
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et grele. Celles de la surface du pedoncule ont, au contraire, I'actine proximale assez

courte ; elles conservent une longueur egale a leurs autres actines mais epaississent la

distale (0"03 mm. a 0*04 mm.) et en accusent les epines.

II existe encore des hexactines en revetement de la cavite cloacale et jusque dans

les parois des canaux larges de I'Eponge. La longueur respective des actines y est la

meme que sur les hexactines dermiques, soit 0"35 mm, pour la distale, 0"45 mm. pour

les tangentielles et r5 mm. environ pour la proximale; mais la distale s'y difFerencie

moins ; on la reconnait surtout a ce qu'elle est beaucoup plus rugueuse que les autres,

car elle est a peine fusiforme et ne mesure que 0'009 mm. a 0"012 depaisseur. On
voit de temps en temps, dans les parois des canaux, cette actine reduite a un

court tubercule.

Les soies du pedoncule sont des hexactines modifiees en triactines, de grosseur

et de longueur tres inegales, car il en est qui constituent la charpente principale de

I'organe alors que les autres ne forment qu'un feutrage entre les prec6dentes. Les plus

belles atteignent 13 centimetres de longueur et 0"3 mm. d'epaisseur ; les autres peuvent

n'avoir que quelques millimetres et ne pas depasser 0'015 mm. depaisseur. Deux

actines opposees se developpent beaucoup et s'orientent suivant le grand axe du

pedoncule ; I'une, qui se tourne du cote du corps, devient d'habitude sensiblement plus

longue que I'autre, dirigee vers la toufFe fixatrice ; de sorte que I'actine impaire ne se

degage pas de la sole a egale distance de ses extremites ; cette actine impaire est

beaucoup plus courte que les autres et, sur les grands spicules, demeure beaucoup plus

grele ; elle forme d'abord un angle droit sur la sole, puis brusquement se recourbe pour

remonter vers le corps sans pourtant s'allonger parallelement a elle ; sa torsion com-

pliquee lui permet au mieux de s'insinuer entre les soies adjacentes et de les maintenir

en place. Le pedoncule acquiert de la sorte une resistance suffisante sans le secours

de synapticules.

Les ancres de la touffe fixatrice sont aussi de longues soies, pointues au bout

proximal et lisses sur une bonne partie de leur etendue, puis armees de crochets

recurves, enfin terminees par un cone a base entouree d'une demi-douzaine de dents.

De forme banale, en somme, elles ont cependant quelque chose de particulier : leur

centre reel, marque par I'entrecroisement des trois lignes du filament axial, au lieu

de se trouver plus ou moins haut le long de la tige, est situe exactement dans 1 epaisseur

du grappin (PI. VL fig. 4c). Ces ancres ne sont done pas des diactines, comme

d'ordinaire chez les Euplectella et les Holascus, mais de veritables monactines C'est

une particularite qui se retrouve, ai-je dit, chez trois des Euplectellines de la Scotia.

Les microscleres sont de deux sortes, tres abondantes I'une et I'autre :

L Des discohexasters robustes (PI. VL fig. 4a), de 0'175 mm. a 0*2 mm. de

diametre, a rayons principaux courts (0 005 mm.) 6mettant chacun deux ou trois rayons

terminaux divergents, assez droits ; ceux-ci, lisses, 6pais de 0'0025 mm. a leur naissance,

se renflent du double un peu au-dessous du disque ; le disque est lui-meme large de

0"016 mm. a 0*0 18 mm. et porte en petit nombre (5 a 7, quelquefois 4 ou meme 3 seule-
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ment) des dents puissantes. Les discohexasters se distribuent par tout le corps ; dans

le parenchyme et au voisinage du court cloaque, elles ne produisent qu'exceptionnelle-

ment 3 rayons terminaux par rayon principal ; I'exception devient la regie pres de

la surface du corps et surtout dans I'epaisseur du bourrelet marginal.

2. Des oxyhexaste7'S (PI. VI. fig. 46) d'une gracilite remarquable, grandes quand

merae, leur diametre habituel mesurant 0*175 mm. Leurs rayons principaux, longs de

0*007 mm. a 0*009 mm., se continuent par deux ou trois rayons secondaires (trois

surtout dans les parties superficielles de I'Eponge, deux dans ses parties profondes),

epais a peine de 0*0013 mm. a leur origine, puis progressivement amincis, filiform es

et flexueux.

Genre Docosaccus, Topsent.

Euj)lectelliniiB probablement sacciformes et fixees par des touffes d'ancres. Elles ont

des parois minces mais rigides, dont les perforations nombreuses ne s'etendent pas

directement d'une face a I'autre. Les hexactines du parenchyme y forment deux

categories distinctes : les unes souples, pas tres grandes, correspondant aux hexactines

des Malacosaccus et se reduisant frequemment en diactines ; les autres, bien moins

nombreuses, mais de taille considerable, ne developpant bien que quatre de leurs actines

suivant I'epaisseur des parois du corps, oil elles se croisent sans ordre et auxquelles elles

constituent une charpente fondamentale depourvue de symetric. Les spicules de

revetement de la face dermique, comme aussi ceux de la face cloacale, sont des

hexactines en glaive. II existe en fait de microscleres des floricomes, des oxyhexasters

et des discohexasters.

Docosaccus ancoratus, Topsent. (PI. III. fig. 4 et PL VI. fig. 6.)

1910. Docosaccus ancoratus, Topsent (30, p. 8).

Station 301, 13 mars 1903; 64° 48' lat. S., 44° 26' long. W.
;
profondeur, 2485

brasses.

Quatre fragments, quatre petites plaques irregulieres, dont I'epaisseur ne depasse

pas 2 millimetres, et qui, toutes cintrees suivant une courbure a long rayon, paraissent

provenir d'une large coupe a parois minces. Des orifices tres nombreux et sans ordre

les percent, differents d'aspect sur les deux faces, ceux de la face externe simples,

generalement petits, ceux de la face cloacale plus grands et manifestement constitues

par la convergence de plusieurs canaux courts. Les deux faces sont couvertes d'une

hispidation fine, due a la projection de I'actine distale de tons les spicules superficiels,

un peu plus haute, cependant, en dehors qu'en dedans. L'un des fragments presentait

en plus des autres, sur sa face externe, groupees vers l'un de ses bords et distantes les

unes des autres d'environ 4 ou 5 millimetres, sept ou huit protuberances coniques dont

plusieurs portaient encore en leur sommet une toufFe assez dense de soies fort longues.

La photographic, faite de face, ne donne qu'une idee tres imparfaite de cette interessante

particularite. Les soies en question etant des ancres, leur direction indique I'orienta-
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tion naturelle de la plaque dont elles emanent et permet de supposer que celle-ci

SB trouvait plus pres que les autres de la base du corps. On ne saurait, malgre cela,

imaginer une restauration de I'Eponge.

A sa spiculation, on la reconnait aisement comme une Euplectellide. Ses toutfes de

soies semblent meme annoncer un mode de fixation d'Euplectelline plutot que de

Corbitelline. J'accorde a ce leger indice d'autant plus de confiance qu'aucune des

Corbitellines connues ne presente une forme qui se puisse deviner dans nos fragments

d'Eponge, une structure qui leur convienne, un ensemble de spicules qui soit tres

semblable au leur.

Se limitant done aux Euplectellina?, on ne pent songer a considerer notre Eponge

comme un Holascus, puisque les especes de ce genre gardent leurs parois imperforees,

se font une charpente a mailles rectangulaires et ne produisent pas de fioricomes. Les

Ewplectella, d'autre part, presentent entre elles un air de parente qui ne se retrouve

pas dans nos fragments ; du reste, elles ont toujours une charpente reguliere, presque

toujours des perforations parietales disposees avec ordre et le plus souvent des pent-

actines cloacales. Restent les Malacosaccus, sacciformes, a parois sans perforations

etendues directement d'une face a I'autre, a charpente sans regularite, a spiculation

comprenant des hexactines cloacales et des fioricomes, C'est a cote d'eux, evidemment,

que se place le type examine, mais avec une difference appreciable dans la structure de

ses parois ; celles-ci, beaucoup plus minces que celles des Malacosaccus, ont cependant

une consistance bien plus ferme ; il s'y etablit deux categories distinctes de megascleres

du parenchyme, dont I'une, faite d'elements de taille considerable, a pour but de con-

stituer une charpente fondamentale rigide. Cette particularite est ce qui caracterise le

nouveau genre Docosaccus en attendant que soient connus la forme generale et le mode

de fixation de ses representants.

La face convexe ou externe du corps de Docosaccus ancoratus est garnie d'un

reseau d'hexactines en forme de glaives ; leur actine distale ou poignee est renflee,

fusiforme et fortement epineuse, longue de 0*24 mm. a 038 mm., epaisse de 0'015 mm.

a 0*025 mm. ; leurs actines tangentielles composant la garde sont moins ornees que la

poignee, a peu pres de meme longueur quelle mais progressivement amincies jusqua leur

extremite ; leur actine proximale ou lame, enfin, est bien plus longue que toutes les

autres (0"6 mm. a 1*2 mm.), plus grele aussi et presque lisse, sauf a sa pointe. A ces

hexactines dermiques correspondent, sur la face concave ou cloacale, d'autres hexactines

n'en diff^rant que par leurs proportions un peu plus faibles.

Les megascleres du parenchyme qui se placent entre ces reseaux superficiels sont de

trois sortes.

D'abord, comme pieces principales de la charpente, des hexactines de tres grande

taille. Elles restent incluses dans les parois, pourtant bien minces. A cet efiet, elles

nc donnent tout leur developpement qu'a quatre de leurs actines et restreignent con-

siderablement celui des deux autres (PL VL fig. 6a). En outre, les actines bien

developp^es prennent une disposition particuliere : longues de 10 mm. a 20 mm..
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elles doivent a la fois conserver leur rigidite pour servir de soutien aux parties molles

et permettre quand meme I'enroulement du corps
; aussi s'etendent-elles entre les deux

surfaces, non pas tout droit, mais en s'incurvant toutes a partir de leur origine d'un

meme cote, qui correspond toujours a la face cloacale ; de la sorte, elles parviennent a

s'^tendre a peu pres parallelement aux deux surfaces. Ces grandes actines, qu'on pent

qualifier de tangentielles, sont lisses sauf vers leur extremity, pointue et plus ou moins

raboteuse ou bosselee ; elles mesurent environ O'l mm. d'epaisseur a la base. Les deux

actines qui leur sont perpendiculaires restent infiniment plus courtes et ne se

ressemblent meme pas : celle qui monte du cote convexe du spicule, dans la direction

de la surface externe de I'Eponge, est notablement plus breve et plus epaisse que celle

qui se tourne vers la face cloacale. Cependant, a la base de chaque papille setigere, il

existe une grande hexactine qui est chargee d'en former I'axe. Celle-ci se comporte

d'une maniere un peu speciale (PI. VI. fig. 66) : elle pousse encore quatre grandes actines

tangentielles repliees du meme cote et une actine cloacale plus grele que toutes les

autres, mais son actine dermique, robuste, s'allonge beaucoup plus que de coutume et

atteint 6 a 7 millimetres de longueur. La disposition des grandes hexactines est tout-

a-fait irreguliere ; leurs actines tangentielles, s'entrecroisant sans ordre, ne dessinent

pas de lignes longitudinales et transversales comme cliez les Euplectella et les Holascus.

Quoique en nombre bien plus eleve, d'autres hexactines jouent, en raison de leurs

dimensions modestes, un role secondaire dans la constitution de la cliarpente ; on peut

les comparer aux fibres secondaires du squelette des Eponges cornees car elles forment

comme elles, en se pla9ant bout a bout, un reseau tendu dans le parenchyme entre les

rayons des hexactines principales ; elles ont des actines lisses ou un peu rugueuses,

plus ou moins flexueuses, souvent inegales, longues en moyenne de 0'5 mm. a 0"6 mm.

et epaisses seulement de 0"01 mm. a 0"014 mm. a la base. On peut dire encore

qu'elles correspondent aux hexactines souples du parenchyme des Malacosaccus.

Enfin, Docosaccus ancoratiis possede des diactines, mais seulement en nombre

restreint, si bien que ce sont les moins importants des megascleres de son parenchyme.

Bien moins fortes et beaucoup plus courtes que les actines tangentielles des grandes

hexactines, elles n'en representent en quelque sorte que des comitalia et se tiennent,

pour la plupart, autour d'elles par maigres faisceaux paralleles a leur longueur, a la

fa9on de ce que F. E. Schulze a decrit chez Holascus ridleyi. Leur epaisseur est de

0"012 mm. a 0'014 mm., a peu pres la meme, par consequent, que celle des actines des

petites hexactines. Comme elles aussi, elles se montrent souvent raboteuses, si bien

qu'il serait naturel de reunir en une meme categoric diactines et hexactines. Pourtant,

les termes de passage, les triactines, par exemple, s'observent en petit nombre. Au
contraire, presque toujours les diactines montrent en leur centre un groupe de quatre

tubercules bien marqu6s, correspondant a quatre actines atrophi^es.

Les ancres des touffes fixatrices sont, comme d'ordinaire chez les Euplectellinse, des

soies longues de plusieurs centimetres ; lisses sur la majeure partie de leur longueur,

elles s'arment, du cote distal, d'epines espacees, basses d'abord, puis robustes et recurvees
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vers I'Eponge et dispos6es suivant une ligne spirale ; enfin, elles renflent leur extremity

libre en un cone k base couronn6e de quatre a cinq crochets. C'est dans I'epaisseur de

ce cone que se place I'entrecroisement des lignes du filament axial. Ici done, comme

chez Acoelocalyx hrucei et Malacosaccus coatsi, I'ancre est un spicule r^duit a I'etat

de monactine.

Les microscleres les plus abondants sont des oxyhexaste7'S, pareilles a celles de

Holascus ridleyi (12, pi. xvii. fig. 8) ; les plus belles mesurent 0"12 mm. de diametre.

Repandues par tout le corps, elles sont sujettes a des variations ; souvent chaque rayon

primaire ne porte que deux rayons terminaux
;
quelquefois plusieurs rayons demeurent

simples ; enfin, il arrive qu'ils se tordent a la fa9on de ceux de certaines oxyhexasters

signalees chez Holascus ridleyi (12, pi. xvii. fig. 7), mais cela est exceptionnel.

Les fioricomes, localises sur la face externe des plaques, sont nombreux et tres

beaux, chacun de leurs rayons primaires portant de 9 a 13 rayons secondaires gracieuse-

ment recourb^s en dehors pour figurer un calice bien epanoui. lis mesurent

gen^ralement 0*1 mm. de diametre, Leurs rayons terminaux, lisses et non elargis

avant la palette, qui n'a pas elle-meme plus de 0*004 mm. de largeur, portent au bord

de celle-ci, comme chez Malacosaccus vastus, 4 ou 5 dents breves.

II existe enfin, mais rares, des discohexasters. Je n'ai reussi a en decouvrir que

deux, fort semblables a celles de Regadrella. phcenix (12, pi. xiii. fig. 3) et mesurant

0*1 mm. de diametre ; mais I'une n'avait que deux rayons terminaux par rayon principal,

tandis que I'autre en portait quatre ou cinq.

Famille Caulophacid^.

Caulophacus instahilis, Topseut. (PL IV. fig. 8 et PI. VI. fig. 16.)

1910. Caulophacus instahilis, Topsent (30, p. 12).

Station 313, 18 mars 1903; 62° 10' lat. S., 41° 20' long. W.
;
profondeur, 1775

brasses.

Le specimen recueilli par la Scotia a et6 det^riore pendant le dragage a tel point

qu'on ne saurait se faire une id^e de sa forme primitive : il n'en reste que des lambeaux

au bout d'un tron9on de pedoncule. En ce piteux 6tat, il est difticile a determiner, s'il

appartient a une espece d6ja connue, comme a decrire, s'il en represente une nouvelle.

Sa spiculation off"re, il est vrai, beaucoup de traits de ressemblance avec celle de

Caulophacus elegans F. E. Schulze, mais, pour oser I'identifier a cette espece, il

faudrait supposer que son corps, en ombrelle bien plus large que celle des specimens du

Challenger, a et6 arrachc^, a I'exception de quelques lambeaux de sa face inferieure.

Cette hypothese n'est point inadmissible, un pedoncule aussi epais ayant probablement

supporte une Eponge de belles dimensions ; cependant, comme il se pent aussi que

notre Caulophacus ait aff'ecte une forme plus voisine de celle de C. lotifolium Ijima,

ses caracteres ext^rieurs ne peuvent guere etre pris en consideration. D'autre part, on

ne pent oublier que c'est a I'Est du Japon que le Challenger a obtenu les seuls
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specimens connus de C. elegans, et, quoique les Hexactinellides jouissent souvent dune

distribution g^ographique immense, il reste des chances pour que le Caulophacus de la

Scotia soit le type d'une espece difFerente. L'etude de la spiculation elle-meme ne

permet pas non plus d'affirmer qu'il s'agisse de C. elegans : les megascleres superficiels

ne sont pas tout-a-fait les memes de part et d'autre, et les microscleres dont je prends

connaissance ne se trouvent ni par les details de leur configuration, ni par leur taille,

ni par leur nombre relatif, identiques a ceux que F. E. Schulze a enumeres et figures.

Tous ces motifs d'hesitation reunis m'ont fait penser qu'il serait raisonnable d'etablir,

au moins sous r6serves, une nouvelle espece.

Le pedoncule creux, bien plus gros que ceux des Caulophacus elegans du Challenger,

ne se montre pas hispide comnie eux. Cela tient, je pense, a ce que le rayon distal de

ses spicules autodermiques, au lieu de se developper consid^rablement, conserve, comme

nous le verrons, une longueur mediocre, et j'estime qu'il y a lieu de tenir compte de

cette particularite. En meme temps que le specimen photographic, la Scotia a encore

recueilli cinq fragments de pedoncules, longs de 2 a 6 centimetres, epais de 5 a 9 milli-

metres. Deux d'entre eux, qui peuvent etre mis bout-a-bout, semblent constituer la

suite du pedoncule de notre Eponge sur une longueur de plus de 8 centimetres, ce qui

donne a ce que Ton possede de cet organe une longueur totale de plus de 12 centimetres.

Le morceau qui continue directement la portion superieure du pedoncule est par en haut

large et souple comme elle, puis va s'amincissant et se durcissant ; I'autre morceau,

tout-a-fait dur, s'att^nue encore par en bas, jusqu'a ne mesurer que 3 '5 mm. de

diametre a son extr6mit6 inferieure. Les autres fragments paraissent devoir etre

attribu6s a des specimens diff"erents ; Tun d'eux represente une base de pedoncule,

d'abord assez grele, puis un peu elargie et incrustee de petits cailloux noirs ; fendu en

long, il montre sa cavite axiale, qui s'etend presque jusqu'au contact du support.

Les lambeaux de chair ont pour squelette surtout des diactines plus ou moins

fasciculees, pas bien longues et assez greles (0'006 mm. a 0012 mm.), peu ou point

renfl^es en leur centre et ornees d'epines en leurs deux extremites, qui sont obtuses
;

puis, des hexactines eparses, a actines longues de 1*6 mm., peu pointues et un peu

epineuses seulement vers leur terminaison. Les megascleres superficiels sont des

hexactines a rayon distal transforme en pinule ; ce rayon, long de 0"16 mm. a 0'24 mm.,

se couvre de crochets redresses, serres, composant une toufFe large de 0'06 mm. a

0"075 mm., a sommet obtus ; les autres rayons ne portent que de petites epines, soit

sur toute leur etendue, soit seulement dans leur moitie distale ; a peu pres egaux entre

eux, ils mesurent environ O'l mm. de longueur. Au-dessous de ces hexactines viennent

de grandes pentactines hypodermiques, a actine proximale plus longue, plus grosse et

plus orn6e que les quatre autres, chargee de fortes epines sur toute ou sur la majeure

partie de sa longueur a partir de son origine, tandis que les autres n'ont que leur pointe

seule un peu ornee.

Le long du pedoncule, les diactines deviennent pour la plupart plus grosses et

beaucoup plus longues et, dans ses parties solides, contractent de frequentes unions
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entre elles au moyen de synapticules. Les pentactines hypodermiques, au contraire,

diminuent beaucoup de taille tout en conservant a leur actine proximale son caractere

special. Quant aux spicules autodermiques, ils se reduisent assez souvent a I'^tat de

pentactines par atrophic de leur rayon proximal ; leurs rayons tangentiels ne subissent

aucun changement et leur rayon distal en pinule ne devient pas sensiblement plus

long (0*18 mm. a 0'24 mm.) que celui des hexactines autodermiques de la portion

charnue du corps.

Des megascleres, les spicules autodermiques sont les seuls qui different un peu de

ceux de C. elegans. A la surface de la chair (PI. VI. fig. 16a), leur rayon en pinule

est moins epais, plus allong6, plus fusiforme, bien plus semblable a celui des memes

spicules de C. lotifolium. Sur le pedoncule, ce rayon devient plus claviforme (PI. VI.

fig. 166), accusant ainsi une tendance qui s'exagere chez C lotifolium ; il n'y atteint

jamais les dimensions de 0*75 mm. et plus notees par F. E. Schulze et ne produit par

suite point d'hispidation perceptible. Parmi les spicules a pinule, prepares avec des

lambeaux de chair, je n'en ai pas trouve qui parussent representer une categoric a part,

comparable aux spicules autogastriques des autres Caulophacus precites.

Les microscleres sont uniquement des discohexasters. Les plus nombreuses sont

hexastrales (PI. VL fig. 16c) : leur diametre ne d^passe pas 0"14 mm.; chacun de leurs

rayons principaux, remarquablement court et large, porte 4 a 6 rayons terminaux,

droits, armes d'epines r^curvees non serrees, et couronnes d'un large disque a

plusieurs dents. Ainsi, sur une discohexaster de O'Ti mm. environ de diametre, les

rayons principaux mesurent a peu pres O'OOS mm. de longueur sur 0"012 mm. de

largeur, et les terminaux, epais de 0*003 mm., sont longs de 0'05 mm. et surmontes d'un

disque large de 0*0 12 mm. Ni ces dimensions ni le nombre des rayons terminaux sur

chaque rayon principal ne concordent avec les details donnes a propos de C. elegans

(12, pi. XXV. fig. 6). Contrairement aussi a ce que F. E. Schulze a vu chez cette

espece, les discohexasters hexactinales sont rares ici ; leur taille, sup^rieure a celle des

discohexasters hexastrales, s'eleve a 0*155 mm. et 0*21 mm.; leurs rayons simples ont,

d'ailleurs, la meme grosseur et la meme ornementation que ceux des discohexasters

hexastrales les mieux d^velopp^es ; rares aussi se montrent les discohexasters hemi-

hexactinales, avec un diametre atteignant 0*218 mm.
La taille des discohexasters hexastrales varie beaucoup, ainsi d'ailleurs que

r^.paisseur de leurs rayons ; on en trouve, par exemple, qui, pour un diametre de

0*045 mm., ont des rayons terminaux droits, 6pais de 0*0014 mm., alors que d'autres,

qui mesurent encore 0*09 mm. de diametre, ont leurs rayons terminaux droits aussi

mais tres greles, ne depassant pas 0*0005 mm. d'^paisseur. Jusqu'a un certain degr6 de

gracilite, les rayons paraissent epineux ou tout au moins raboteux ; les plus fins seuls

sont peut-etre reellement lisses. Mais tons ces intermediaires m'empechent de dis-

tinguer ici des pachydiscohexasters et des lophodiscohexasters. Le nombre des rayons

terminaux n'est jamais superieur a 5 ou 6 sur chaque rayon principal, si bien que jamais

rien ne s'offre de comparable a la belle discohexaster de C. elegans figur^e par Schulze
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(12, pi- xxvi. fig. 2). Enfin, si greles que soient les rayons de certaines des

discohexasters trouvees par moi sur les pedoncules, entre les diactines synapticulees,

c'est toujours un groupe de dents recurvees qui les couronne et je n'ai pas trouve une

seule onychaster.

D'une fa§on generale, les microscleres du Caulophacus de la Scotia atteignent des

dimensions moindres et un moindre degre de complication que ceux des C. elegans du

Challenger.

Caulophacus scotise, Topsent. (PL 11. fig. 1-3 et PL VI. fig. 17.)

1910. Caulophacus scotiae, Topsent (30, p. 10).

Station 417, 18 mars 1904 ;
71° 22'lat. S., 16° 34' long. W.

;
profondeur, 1410 brasses.

Le specimen type de Caulophacus scotix est de beaucoup le plus grand des

Caulophacus connus. Les dimensions qu'il atteint par suite du developpement extra-

ordinaire de son pedoncule, le classent meme au nombre des Hexactinellides geantes.

Sa hauteur totale est de 93 centimetres, dont 85 pour le pedoncule. Contrairement a

ce qui, d'apres Wilson (31, p. 44), a lieu pour Caulophacus schulzei, le corps

spongieux est done tenu fort au-dessus du niveau de la vase abyssale. D'ailleurs, le

support devait etre ici un objet solide car la partie inferieure de I'Eponge constitue une

plaque en cuilleron, longue de 6 centimetres, large de 4, compacte et dure, a bords

minces, a face concave unie et d'aspect vitreux. Obliquement sur cette base d'insertion

se dresse, disproportionne, le pedoncule proprement dit. II est remarquablement droit

pour sa hauteur et ne presente une ondulation un pen marquee que vers le milieu de sa

longueur. Comme chez tons les Caulophacus, grele en bas, il s'epaissit en montant.

II debute sous forme d'une colonne cylindrique de 13 mm. de diametre. A mi-hauteur,

ce diametre est porte a 20 mm. Au-dessus de son ondulation mediane, le pedoncule se

modifie et s'aplatit quelque peu, si bien que, a 4 ou 5 centimetres de la portion

spongieuse du corps, la oil il atteint sa plus grande epaisseur, il faut considerer a celle-ci

deux diametres, mesurant I'un 37 millimetres et I'autre seulement 24 millimetres.

Enfin, il decrit un coude assez brusque pour porter, de meme que chez les autres

Caulophacus, le corps dans une position inclinee. Dans cette derniere region, il

conserve un certain degre de compressibilite ; il reste meme spongieux, lui aussi, en

partie, et, tout en haut, se creuse de canaux dont les orifices apparaissent beants a sa

surface. Partout ailleurs, il est rigide et ferme. Sa surface est depouillee de son

revetement, sauf sur une toute petite etendue, au voisinage du corps, sur la partie

convexe de sa courbure superieure (PL II. fig. 3). J'ai pratique une entaille dans sa

parol pour m'assurer que son axe est creux ; mais, naturellement, j'ignore I'etendue de

sa cavite axiale. Elle ne s'ouvre pas au fond du corps, du moins d'une maniere directe,

mais il se peut qu'elle communique avec la cavite cloacale par I'intermediaire des

canaux dont le sommet du pedoncule est precisement traverse.

Le corps, mou et sans resistance, a defaut d'une charpente robuste, a pu supporter

sans dommages les vicissitudes du dragage. II aff'ecte la forme d'un gobelet profond
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mais taill6 sans regularite, ses parois ayant plusieurs plis et son bord ne s'elevant pas

tout autour au meme niveau ; ajoutons cependant que ce bord, effiloche, n'a nulle part

son intcgrite. Malgre ces imperfections naturelles et ces deteriorations, on pent voir

que notre Caulophacus scotiw ne se rapproche par la conformation de sa portion charnue

que du minuscule Caulophacus pipetta Schulze, originaire comme lui de I'Antarctique.

Lepaisseur de ses parois, voisine de 12 millimetres vers le bas, se reduit progressive-

ment par en haut a 2 millimetres a peine ; il est probable que le bord naturel de la

coupe etait fort mince. La face externe a perdu en majeure partie son revetement

spiculeux et, de ce fait, apparait fibreuse, avec des orifices beants. Son aspect fibreux

et comme peigne est determine par les paquets de diactines paralleles qui constituent la

spiculation principale du parenchyme. Ses orifices aquiferes sont d'une inegalite

frappante
;
quelques uns mesurent de 5 a 10 millimetres, tandis que la plupart

demeurent beaucoup plus petits ; leur distribution semble absolument capricieuse.

Dans un vaste pli de la paroi, le revetement dermique, a I'abri du frottement, est

parfaitement conserve : c'est une membrane mince, unie, finement et regulierement

quadrillee, qui passe sans s'interrompre au-devant des orifices et tamise I'eau prete a s'y

engager. La face cloacale, mieux protegee, porte au complet son revetement propre,

qui, lui non plus, ne laisse pas d'orifices a nu ; meme sans loupe, il apparait different du

revetement dermique ; il a plus d'epaisseur que lui et se couvre d'une Inspidation facile

a percevoir.

Les differences d'aspect entre le revetement dermique et le revetement cloacal

s'expliquent par celles qui existent entre leurs spicules respectifs et qui, precisement,

contribuent beaucoup a caracteriser I'espece. Les spicules dermiques sont des hexactines,

a actine proximale longue seulement de 0'14 mm. a 0*16 mm,, toujours plus courtes que les

tangentielles, lesquelles mesurent couramment 0'23 mm. a 0*24 mm. mais se montrent

souvent inegales entre elles (PI. VL fig. 1 7a); ces cinq actines s'ornent pareillement

d'epines mediocres dont le nombre va croissant aux approches de leur extremite,

generalement obtuse ; I'actine distale, en pinule, est de toutes la plus breve (0*07 mm.

a 0"11 mm.), mais elle se renfle passablement (0'04 mm. a 0*05 mm.) et se herisse de

fortes epines relevees vers son sommet, que dissimule leur accumulation. On ne

connaissait pas encore de Caulophacus oh les hexactines dermiques eussent ainsi I'actine

en pinule beaucoup plus courte que toutes les autres. Ces spicules, chez C. scoticC,

sont, on le comprend, dans I'incapacite de determiner une hispidation appreciable de son

revetement dermique. lis composent un reseau regulier a mailles rectangulaires ou

carrees dont les dimensions restent un peu inferieures a la longueur des actines tangen-

tielles, puisque celles-ci, se correspotidaut, ne se placent pourtant pas rigoureusement

bout a bout, et ce reseau etroit est supporte par un autre reseau a mailles elles-memes

carrees ou rectangulaires, plus larges (0"44 mm. a 0"56 mm.), dessine par les actines

tangentielles de pentactines hypodermiques.

Les spicules cloacaux ou, comme on dit souvent, gastriques sont des hexactines, peu

diffdrentes des precedentes en ce qui concerne leurs actines proximale et tangentielles, mais
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tout-a fait remarquables par le developpement de leur actine distale, cause de rhispidation

signalee plus liaut. Cette actine, en effet, s'allonge ici beaucoup plus que les cinq

autres (PI. VI. fig. 17b) et varie entre 0*4 mm. et 0"9 mm. de longueur, la grande taille

etant frequemment atteinte ; elle se renfle, au contraire, assez peu (0'02 mm. a 0"03 mm.)

et progressivement s'attenue en une pointe aceree ; des epines assez fortes, incurvees

mais non appliquees, I'ornent jusqua son extremity, au voisinage de laquelle, toutefois,

on les voit diminuer de hauteur. Ainsi constituees, les hexactines cloacales de

Caidophacus scotise sont comparables aux pentactines cloacales a pinule de C arcticus,

C. latus et C. agassizi, mais elles ne se reduisent qu'assez rarement en pentactines par

atrophie de I'actine proximale. Elles s'appuient sur un reseau de pentactines

hypogastriques.

Pentactines hypodermiques et hypogastriques sont robustes et se ressemblent.

Leur actine proximale, qui I'emporte le plus souvent sur les autres en longueur mais

subit a cet egard les variations habituelles, s'orne assez souvent d'epines ou de tubercules,

tandis que les tangentielles, droites ou un peu recourbees en dedans, se montrent

g^neralement lisses ; I'actine distale atrophiee ne laisse meme pas un tubercule a sa

place ; les pointes, surtout du cote dermique, sont obtuses, parfois meme arrondies.

Les megascleres du parenchyme sont, en grande majorite, lachement fasciculees, des

diactines longues, fines (0'007 mm. a 01 mm.), a bouts arrondis, un peu renfles et

epineux, a centrum peu ou point marque. Des hexactines lisses s'y ajoutent, surtout

dans la profondeur de la chair, mais elles sont trop solitaires, avec des actines trop

minces (0"018 mm. a 0*02 mm. a la base) et trop souples, pour constituer a I'Eponge une

eharpente fondamentale de quelque solidite.

Le pedoncule est fait tout entier de diactines, pour la plupart orientees parallelement

a son grand axe, mais cimentees entre elles a de courts intervalles au moyen de

synapticules ; leur taille devient bien un peu superieure a celle qu'elles prennent

communement dans le parenchyme, mais, malgre I'importance de I'organe, les plus

grosses d'entre elles n'ont guere plus de 0"03 mm. d'epaisseur : il sufiit qu'elles soient

abondantes et solidement unies. On les retrouve encore, moins en ordre, toutefois,

dans la plaque basilaire. Mais nous savons que la face inferieure de cette plaque

pr^sente un aspect tout particulier ; elle le doit a ce qu'il s'y developpe, sur une

epaisseur variant entre 0'5 mm. et 1 mm., un lacis siliceux serre, a trame mince, a

mailles etroites et arrondies. La surface libre du reseau est unie ou pourvue seulement

de petits tubercules epars, ce qui explique qu'elle se soit tout d'un bloc detachee du

support.

Les microscleres sont tons des discohexasters. Les plus nombreuses sont des

discohexasters hexactinales (PL VL fig. 17c), pareilles a celles des Caulophacus agassizi,

C. valdivim, etc., a actines simples, longues de 0*09 mm. a O'll mm., epaisses de

0-005 mm. a O'OO/ mm. a la base, armees d'epines fortes et recurvees, et couronnees

d'un disque de O'Ol mm. de diametre, a 6 dents. Vers I'exterieur, elles se modifient

un peu, devenant un peu plus trapues et acquerant 8 a 9 dents au disque un peu elargi

TRANS. ROY. SOC. EDIN., VOL. XLIX. PART III. (NO. 9). 80



604 EMILE TOPSENT :

(0"014 mm.). C'est seulement au-dessous du revetement dermique de la partie

superieure du pedoncule que j'en ai vu se transformer, en diminuant de taille, en des

discohexasters hemihexastrales (PI. VI. fig. 17d) ; leurs actines divisees ont une portion

principale lisse et des divisions au nombre de 2 a 4, plus longues, epineuses, ayec un

disque a 8 ou 9 dents, hk seulement encore, j'ai vu de ces discohexasters reguliere-

ment hexastrales (PL VI. fig. 17 e), portant sur leurs rayons principaux lisses, longs

de 0"015 mm., cinq rayons secondaires epineux, longs de0"04mm. C'est peut-etre enfin

une ramification plus riche des spicules de la meme categoric qui produit des discohexasters

hexastrales de 0*1 mm. de diametre, ayant sur chaque rayon principal jusqu'a dix

rayons terminaux greles.

Mais ces dernieres se rapporteraient presque aussi naturellement a la categoric de

discohexasters hexastrales que le parenchyme renferme, surtout au voisinage de sa

parol cloacale ; de sorte qu'elles forment comme un terme de passage. Les plus grandes

discohexasters du parenchyme ont des rayons longs de 0'165 mm., composees d'une

partie principale lisse, longue de 0'065 mm., epaisse de 0'004 mm., et de 6 a

9 divisions terminales, longues de 0"1 mm., minces, raboteuses et couronnees

d'un disque denticule. Leurs rayons principaux sont ainsi generalement un peu plus

courts que les terminaux et ces derniers, se recourbant legerement eii dehors, figurent

par leur ensemble une longue coupe, etroite en bas et plus ou moins evasee vers le

haut (PL VI. fig. I7h).

II existe encore une categoric de discohexasters, abondante surtout le long du

pedoncule, au-dessous de son revetement dermique et, jusqu'en bas, parmi ses diactines

synapticulees. Ce sont des spicules de 0'07 mm. a 0'08 mm. de diametre, a rayons

principaux lisses, portant un verticille ou un buisson de 12 a 15 rayons terminaux

excessivement greles, avec un tout petit bouton au sommet (PL VI. fig. I7i et 17;).

II s'en trouve quelques unes, de taille superieure (0"13 mm.), dont les rayons principaux

sont, contrairement a ceux des autres, moitie plus longs que les terminaux

(PL VI. fig. 17k).

Famille Rossellid^.

Bathydorus levis, F. E. Schulze, var. ciliatus, Topsent. (PL I. fig. 6 et 7.)

1910. Bathydorus levis, F. E. Schulze, var. ciliatus, Topsent (30, p. 15).

Station 420, 21 mars 1904; 69° 33' lat. S., 15° 19' long. W.
;
profondeur, 2620

brasses.

Un beau specimen en entonnoir, haut de 8 centimetres, large de 9 centimetres en

haut, a supposer son bord entier et ses parois aff"aissees jusqu'a se toucher. II est fix^

sur un petit galet par un pied court, lisse et ferme, qui s'est trouv6 bris6 pendant le

voyage au point ou il se continuait avec la partie spongieuse du corps. Ce point etait

d'autant plus fragile que la continuite ne s'operait entre le pedoncule et la parol molle

que d'un seul cote ; une large ouverture, a bords coupes nettement, naturelle, par
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consequent, occupe la majeure partie du fond de I'entonnoir. La surface du corps est

egale et glabre avec des orifices aquiferes bien visibles, un peu plus grands sur la face

cloacale que sur la face externe. Ce qui fait la beaute et I'interet de ce specimen, c'est

qu'une magnifique frange de soies, haute de 10 millimetres, orne son rebord. Les deux

Eponges du S.W. de la bale du Bengale qui ont servi de types a I'espece Bathydorus

levis n'avaient pas de frange du tout. D'autre part, les specimens de B. levis spinosus

Wilson, de la cote de Colombie, ont les deux faces munies de prostalia epars.

Station 417, 18 mars 1904; 71° 22' lat. S., 16° 34' long. W.
; profondeur,

1410 brasses.

Un specimen en entonnoir mou, haut d'environ 7 '5 centimetres, et probablement

aussi large, porte par un pied court mais arrache de son support. II est beaucoup

moins bien conserve que le precedent ; notamment, sa partie superieure est detachee
;

elle presente aussi une frange mais beaucoup plus courte (3 millimetres) et faite de

soies plus fines. II existe encore (est-ce un hasard ?) une perforation a la naissance du

p^doncule, mais son contour n'est pas regulierement arrete et son diametre ne depasse

pas 6 millimetres.

Les stauractines dermiques ont des actines a bouts obtus, longues de 0'06 mm. a

0"1 mm., epaisses de 0*004 mm. a 0'005 mm. a la base. Elles n'ont pas un centre nu

comme celles de Bathydorus levis type et leurs epines, repandues partout, sont moins

fortes que chez B. levis spinosus.

Les hexactines gastriques ont des actines finement pointues, longues de 0*08 mm. a

0"09 mm., sauf la distale qui est toujours beaucoup plus longue (0"18 mm. a 0*2 mm.)

et arm^e d'epines ayant le double de la longueur des leurs et relev^es vers sa pointe.

Les diactines du corps sont fines (0*01 mm. de diametre moyen), a renfiement median

peu marque, a bouts en forme de massue allong^e et epineuse.

Les pentactines hypodermiques sont lisses, a actines tangentielles un peu recourbees

en dedans, longues de 0*43 mm., epaisses de 0*02 mm., a actine proximale droite, longue

de 0*66 mm. a 0*92 mm., toutes a bouts legerement renfl^s et un peu raboteiix. Le

long du pedoncule, ces pentactines sont entierement et assez finement epineuses, avec

des actines obtuses, les tangentielles longues de 0*18 mm. a 0*25 mm.

Les soies de la frange du specimen le mieux conserve ont 0*04 mm. d'epaisseur ; elles

sont entierement lisses et pointues. Celles de I'autre sont des diactines a centrum

apparent, pas plus longues que celles du parenchyme mais dressees cote a cote sur le

bord aminci du corps, nues sur la majeure partie de leur longueur et notablement plus

pointues que d'ordinaire.

Les microscleres, melange d'oxyhexasters et d'hemioxyhexasters, ont 0*09 mm. a

0*125 mm. de diametre ; leurs rayons secondaires bien divergents, se montrent raboteux,

surtout sur les hemioxyhexasters, oil leur epaisseur est toujours un peu plus forte.

L'operation du 18 mars 1904 a encore fourni une grande plaque de ce Bathydorus,

mais sans pied ni rebord reconnaissable.



606 EMILE TOPSENT:

Calycosoma validum, F. E. Schulze. (PI. III. fig. 2 et PI. VI. fig. 5.)

Station 313, 18 mars 1903; 62° 10' lat. S., 41° 20' long. W.
;

profondeur,

1775 brasses.

L'espece n'^tait encore connue que d'apres un seul specimen, recueilli par VAlbatross

(14, p. 27) dans I'Atlantique Nord, au large de la cote du Massachusetts, par 40° 34' 18"

de latitude N. et 66° 09' de longitude W.

Par ses spicules superficiels a actine distale developpee et armee comme chez les

CaulophacidsB, le genre Calycosoma a de grandes affinites avec deux autres genres de

Rossellidm, Asconema Saville Kent et Hyalascus Ijima ; mais la possession de strobilo-

plumicomes au lieu de discohexasters I'a fait ranger par F. E. Schulze, en derniere

analyse (15, p. 176), dans la sous-famille des Lanuginellinw, les deux autres genres

prenant place dans celle des Rossellinse.

Le specimen type de Calycosoma validum, quoique fort d6teriore, se trouvait quand

meme dans un 6tat qui permit d'en imaginer une restauration : c'etait une grande

Eponge en coupe, a parois graduellement amincies vers le haut, a pied court et epais,

probablement detachee d'un support solide ; sa surface portait, a intervalles assez

grands, des papilles coniques du sommet desquelles s'echappait une touffe de

longues soies.

II n'eAt pas et6 possible de prendre une aussi bonne idee de I'Eponge sur le materiel

de la Scotia, qui consiste, en efi'et, en une derai-douzaine de lambeaux irreguliers, ne

depassant pas 3 millimetres depaisseur. lis proviennent probablement de la partie

superieure d'un echantillon de belles dimensions, que I'engin a dechire puis roul^

dans la vase. Leurs deux faces presentent encore en place leur spiculation super-

ficielle ; toutefois les verrues de la face externe se trouvent a peu pres degarnies de

leurs soies. Les orifices, de forme ovale, sont bien visibles des deux c6t6s et la

disposition irreguliere des lignes squelettiques se distingue elle-meme fort bien, surtout

sur la face cloacale. Naturellement, la question reste toujours ouverte de savoir si la

coupe possede ou non une frange marginale.

Dans son ensemble, la spiculation du Calycosoma de I'Antarctique correspond a

la description de celle du C. validum de I'Atlantique Nord. Rien a ajouter au sujet

des diactines, de leur groupement par faisceaux, de leur union si fr6quente au moyen de

synapticules, pas plus qu'au sujet des grandes hexactines eparses au milieu de la

charpente. Mais j'ai fait, a propos des pentactines hypodermiques, une remarque que

Schulze n'a pas consignee : tandis que ceux de ces m^gascleres qui se tiennent au-dessous

de la surface plane du corps ont leurs quatre actines tangentielles parfaitement droites,

ceux qui doublent la surface au niveau des verrues sans en d^passer les contours,

reduisent ces memes actines en longueur mais surtout les incurvent toujours d'une fagon

brusque en leur milieu (PI. VI. fig. 5d) ; chacune de ces actines incurvees ne mesure

guere alors que 3 mm. en tout, au lieu de 0"7 mm. qu'elle atteint, d'habitude, au bout

d'une actine proximale longue de pres de 1 '5 mm. Les pentactines a actines tangen-
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tielles droites existent du c6t4 cloacal, plus clairsemees, toutefois, et un peu plus faibles

que du cote externe du corps.

Ce qui m'a le plus embarrass6 dans la comparaison des deux Calycosoma, ce sont

leurs spicules dermiques et gastriques (ou mieux cloacaux). Je n'ai pas retrouv6 dans

celui de la Scotia une seule des pentactines a rayon proximal rudimentaire d^crites par

ScHULZE (14, pi. iv. fig. 5). En outre, j'ai constate qu'il n'y existe point d'uniformite

dans les hexactines. J'ai bien revu, a peu pres dans la taille indiquee, les cloacales

demeurant un peu plus greles que les dermiques, les hexactines a rayon distal en forme

de pinule et a rayon proximal plus court que tons les autres (PI. VI. fig. 5a, 56), mais

j'ai observe avec surprise que, par places, surtout le long de la face cloacale, elles

subissent en grand nombre une modification profonde. Leurs dimensions, depassant

alorsla moyenne, s'accroissent souvent d'une maniere considerable ; en meme temps, leur

rayon proximal devient de beaucoup le plus long ; frequemment leur ornementation

s'eiFace, sauf sur le rayon distal et vers I'extremite des autres rayons (PI. VI. fig. 5c).

Ces hexactines agrandies constituent, par I'agencement de leurs rayons tangentiels,

un reseau plus ou moins regulier et assez lache.

S'il est permis d'expliquer I'absence ici des pentactines a rayon proximal rudimen-

taire du Calycosoma de VAlbatross en supposant qu'elles pouvaient, dans cette Eponge,

n'etre que des malformations resultant d'une tendance individuelle, il est difficile de

coraprendre pourquoi le Calycosoma de la Scotia produit en proportion si forte des

hexactines de taille si inegale et qui vont jusqu'a acquerir un rayon distal de 0"43 mm.

a 0*64 mm., un rayon proximal de 0"77 mm. a 9 mm. et des rayons tangentiels de

0"5 mm. de longueur.

J'ai hesite a 6tablir une espece nouvelle d'apres ces particularites. Les microscleres

m'ont paru difi"erer trop peu de ceux du type de Calycosoma validum,. Ce sont aussi

des oxyhexasters, tres nombreuses partout, avec quelques oxyhexactines et interme-

diaires, et des strobiloplumicomes confines aux deux faces de I'Eponge. Les uns et les

autres sont cependant un peu plus grands que dans le type : le diametre des strobilo-

plumicomes atteint ici 0"06 mm. et 0'07 mm. et celui des oxyhexasters, qui sont souvent

un peu rugueuses, varie entre 0'15 mm. et 0*18 mm. Tout bien considere, je tiens ces

differences pour purement individuelles.

Famille Coscinoporid^.

Chonelasma sp.

Station 417, 18 mars 1904. 71° 22' lat. S., 16° 34' long W.; profondeur, 1410

brasses.

Deux fragments completement mac^res :
1° une base sans support, enroulee en cornet

comprime a parois ^paisses de 1 mm. a 2 mm., haute de 30 a 40 mm., longue d'autant,

large de 7 mm. a 15 mm., interessante seulement par une serie de quatre trous ronds,

de 3 5 mm. a 4 mm. de diametre, performs suivaut sa hauteur, a une distance de 2 mm.
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I'un de I'autre, le long de son bord vertical le plus etroit, au ras de sa surface, et donnant,

par un canal de meme calibre et assez profond, directement acces dans sa cavit(^ ;

2° un

morceau de plaque, mince et fragile.

II. S.O. AMPHIDISCOPHORA.

Famille Hyalonematid^.

Hyalonema sp.

Station 417, 18 mars 1904; 71° 22' lat. S., 16° 34' long W.; profondeur, 1410

brasses.

Un fragment long de 5 centimetres, compose d'une touffe axiale de grosses soies

bris^es et d'un revetement de chair effiloch^e, 6pais de quelques millimetres. C'est

une portion de la base d'un individu a I'origine de sa touffe fixatrice, avec un peu du

bourrelet annulaire encore en place.

La spiculation comprend, en fait de m^gascleres : des hexactines et surtout des

diactines, lisses et pointues, dans le parenchyme ; des pentactines lisses hypodermiques
;

un melange de tetractines, de triactines et de diactines a bouts renfles et epineux,

pareilles a celles de Hyalonema elegans (12, pi. xxxi. fig. 15), au niveau du pad\

implantees sur le tout, des pentactines dermiques, a pinule long de 0"13 mm. a 0i4 mm.,

^pais de 0*006 mm. a 0"008 mm., arme d't^pines relev^es, incurvees, hautes de 0"017 mm.

environ ; les memes pentactines ont des actines tangentielles longues de 0*05 mm. a

0'07 mm. et raboteuses dans leur moitie terminale
;
quelques hexactines a pinule se

rencontrent parmi les pentactines, n'en di£F6rant que par la possession d'une actine

proximale de 0'07 mm. de longueur. Les soies fixatrices etaient toutes brisees et je

n'ai pas vu de pentactines gastriques.

Les microscleres sont : des oxyhexasters du parenchyme, nombreuses, d'un diametre

de 0'08 mm., a actines lisses constamment et forteraent courb^es dans leur dernier quart

;

des amphidisques de trois categories, a dents etroites, dispos(^es en cloches parallelement

a la tige. Les petits amphidisques, longs de 0'023 mm. a 0'032 mm., ont une tige

noueuse au centre et des ombrelles ^.cartees I'une de I'autre ; les macramphidisques,

longs de 0*095 mm. (je n'en ai pas trouv^ de plus grands), ont une tige grele (0'003 mm.

a peine), orn^e d'^pines en outre de sa nodosite mediane, et des ombrelles larges de

0*024 mm. a 0*026 mm., entre lesquelles reste un ecart de plus de 0*02 mm ; les

mesamphidisques, enfin, longs de 0*06 mm. a 0*07 mm., ont des ombrelles beaucoup

plus rapprochees I'une de I'autre.

Par I'ensemble de ses spicules, ce Hyalonema se rapproche beaucoup des H. ovuli-

ferum F. E. Schulze et H. urna F. E. Schulze, surtout du premier, en raison de

I'abondance de ses oxyhexactines. L>e tons deux il parait diff^rer par ses macramphi-

disques plus petits et par ses pinules plus courts avec Opines plus longues ;
cependant,

je ne puis pas affirmer avoir obtenu la taille la plus grande de ses macramphidisques et
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je dois tenir compte de ce que les pentactines dermiques dont j'ai pris les mesures,

proviennent du bourrelet annulaire et, par consequent, ne sont peut-etre pas absolument

typiques. Ne sachant rien de sa forme et netant pas sur de connaltre exactement sa

spiculation, j'eviterai d'encombrer la litterature en ajoutant aux Hyalonema, deja si

nombreux, une espece qui serait caracterisee d'une maniere insuffisante. A d'autres de

la denommer qui, en possession de specimens mieux conserves, se trouveront a meme

de verifier et de completer cette description succincte.

TETRACTINELLIDA.
Les expeditions antarctiques ont fourni un nombre remarquablement restreint de

Tetractinellida largo sensu. La Belgica a recueilli seulement une Carnosa, que j'ai

rapportee a Placina trilopha F. E. Schulze, en appelant Fattention sur les differences

que presque tons les elements de sa spiculation presentent avec ceux de la forme

mediterraneenne (26, p. 30) ; Lendenfeld I'a appelee depuis P. trilopha F. E. Schulze,

subsp. antarctica (6, p. 326). La petite collection du Frangais ne renfermait aucune

Eponge de ce groupe. Celle du Gauss (6) se composait de la Placina precitee, en de

nombreux exemplaires, d'une proche parente, Placina monolopha F. E. Schulze,

subsp. antarctica Lend., d'une Oscarella'^. douteuse, de trois TetillidcV, dont deux

nouvelles en tant qu'especes, et d'un nouveau Trihrachion. La Discovery (3) a obtenu

encore bien moins : en tout, quatre especes de TetillidsB deja connues, dont deux avec

des varietes nouvelles. Quant a la Scotia, elle n'a pas rencontre de Tetractinellides du

tout dans I'Antarctique et les trois especes suivantes, deja plus ou moins connues,

proviennent toutes de la limite septentrionale de la region subantarctique, des parages

de rile Gough.

Famille Asterostreptid^.

Pachastrella monilifera, 0. Schmidt.

Station 461, 22 avril 1904, lie Gough, 40° 20' lat. S., 9° 56' 30" long. W.
;

profondeur, 100 brasses.

Un specimen, ou mieux un fragment sans support de cette Eponge, mesurant pres

de 7 centimetres de longueur, assez uniformement 3 '5 centimetres de largeur et 2

centimetres au plus d'epaisseur. II a ete brise suivant son epaisseur et c'est sa face

porifere qui seule a ete bien conservee. Celle-ci est lisse, unie, et entierement revetue

par une Pcecillastra incrustans Sollas, epaisse de r5 mm. a 2 mm.
Les oxes, en faisceaux diriges pour la plupart perpendiculairement a la surface,

mesurent 2 a 3 millimetres de longueur sur 0'015 mm. au plus d'epaisseur.

Les calthropses distribues par tout le corps en abondance et sans ordre, sont, comme
d'habitude, fort inegaux, leurs actines variant entre 0*035 mm. de longueur sur

0*002 mm. d'epaisseur a la base et 0'6 mm. sur 0"06 mm. Les plus petits demeurent

reguliers tandis que les plus grands presentent toutes les deformations dont Sollas a

donne des exemples (17, pi. xi. fig. 15-23).
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Les microscleres sont des microstrongyles presque constamment centrotylotes, fine-

ment rugueux, longs de 0"014 mm., epais de O'OOS mm. au centre, et des spirasters,

plutot clairsemees, souvent de forme amphiaster, a tige et a actines tres greles, et

mesurant au total de 0"012 mm. a 0'014 mm. de longueur.

Pcecillastra incrustans, Sollas. (PI. VI. fig. 2.)

Station 461, He Gougli, 40° 20' lat. S., 9° 56' 30" long. W. Sur I'Eponge precedente.

Sollas a signale (17, p. 105) sur les deux specimens de Pachastrella ahyssi

{ = P- monilifera) recueillis par le Challenger a Tristan da Cunha, par 110 brasses

de profondeur, I'existence d'une Pcecillastra qu'il a nommee P. incrustans, sans la

deerire en detail.

L'Eponge s'etendait en crotjte sur la face porifere des specimens en question et

mettait ses canaux en continuite avec les leurs (l7, pi. x. fig. 15). On trouvait

isolement ou par places dans les Pachastrella des microxes centrotylotes qui avaient

d^i lui appartenir.

11 est remarquable que le troisieme specimen de P. monilifera qui provienne de ces

parages de I'Atlantique, drague a trois degres de latitude de plus vers le Sud, et par la

meme profondeur, porte egalement ce parasite et que les rapports entre les deux

Eponges soient identiques a ceux observes par Sollas.

La Pcecillastra forme ici une croAte epaisse de 1'5 mm. a 2 mm. Sur une section

d'ensemble, on pent la distinguer de la Pachastrella a I'oeil nu par sa blancheur un peu

plus terne. Son ectosome, parfaitement lisse, ne montre pas de grands orifices.

Son choanosome est riclie en corbeilles vibratiles du type des Pcecillastra, claires,

spheriques ou ovales et d'un diametre de 0*032 mm. a 0*038 mm.

La limite entre les deux Eponges est nette. Un decollement partiel s'opere meme

generalement sur les coupes fines. II semble aussi que lorsqu'un canal de la Pcecillastra

se continue avec un canal de la Pachastrella, chacune des Eponges tende d'un diaphragme

ou d'un crible la partie qui lui est propre. La face interne de la Pcecillastra abonde,

comme sa face externe, en microxes tangentiels et I'ectochrote de la Pachastrella est

charge de microstrongyles centrotylotes.

Les oxes de Pcecillastra incrustans sont courb^s, pointus, le plus souvent groupes en

faisceaux qui s'orientent tangentiellement, en des points varies de I'epaisseur du corps
;

ils mesurent de 077 mm. de longueur sur O'OOS mm. depaisseur a r4 mm. sur 0'017

mm. ; ils sont proportionellement plus gros que ceux de la Pachastrella.

Les calthropses sont enchevetres en tons sens entre les deux faces du corps, ce qui

est exceptionnel pour une Pcecillastra. lis sont inegaux, mais leur taille s'abaisse en

general moins que pour ceux de Pachastrella monilifera ; les plus petits, qui ne sont pas

nombreux, ont des actines longues de 0'04 mm. ; les actines des plus grands atteignent

pres de 0"4 mm. de longueur sur 0"045 mm. d'epaisseur a la base. II s'en rencontre un

assez grand nombre qui sont diflformes, ce qui augmente encore la ressemblance de ces

megascleres avec ceux de la Pachastrella parasitee.
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Les microxes caracteristiques des Poecillastra existent en quantite considerable par

toute I'Eponge, mais surtout, comme il a ete dit plus haut, au niveau de ses deux faces,

lis sont pointus, toujours courbes, toujours centrotylotes et raboteux (PI. VI. fig. 2) ;

ils mesurent de 0-09 mm. a 0'13 mm. de longueur sur 0'003 mm. d'epaisseur. Un fait

curieux est qu'il s'en retrouve un certain nombre par endroits dans le corps de la

Fachastrella ; il est difficile de se rendre compte comment ils y sont parvenus. . Peut-

etre faut-il admettre que la Pcecillastra en rejette et que ces spicules elimines peuvent

se trouver apportes par I'eau d'inhalation dans la Pachastrella au meme titre que tons

autres corps etrangers, notamment que les tests de Foraminiferes, qui y abondent.

Les spirasters, enfin, sont nombreuses, transformees rarement en amphiasters mais

couramment en metasters ; elles ont, en moyenne, une longueur totale de 0'017 mm.

avec des actines de 0'005 mm. et tres greles
;
par exception, quelques metasters ont

leurs actines longues de 0"01 mm. a 0"015 mm.

Pcecillastra coonpressa, (Bowerbank) Sollas, var. parvistellata, n.

(PI. IV. fig. 1 et 2.)

var.

Station 461, 22 avril 1904, He Gough, 40' 20' lat. S., 9° 56' 30" W.
;
profondeur,

100 brasses.

Je considere le genre Pcecillastra de Sollas comme valable car un certain nombre

de Streptastrosa s'y laissent rapporter sa'ns hesitation et constituent par consequent un

groupe nature!. Lendenfeld a prefere (4, p. 72) le noyer dans le genre Pachastrella,

prenant celui-ci dans une acception si large qu'il I'a rendu lieterogene, ce qui I'a,

d'ailleurs, oblige d'abord a le diviser en sous-genres, puis a reconnaitre (5, p. 237) dans

le sous-genre Pachastrella I'existence d'une serie de formes du type de P. compressa

(Bowerbank), correspondant precisement au genre Pcecillastra. Ces formes, Lendenfeld

en a passe quelques unes en revue, s'attacliant a caracteriser les especes P. compressa

(Bowerbank), P. stylifera Lendenfeld, P. crassa (Bowerbank) et une espece nouvelle,

P. tenuipilosa, provenant des dragages de la Valdivia. Si P. crassiuscula Sollas et

P. tenuilaminaris Sollas se confondent, comme il le suj^pose, avec P. crassa (Bower-

bank), il resterait encore a compter dans le genre Pcecillastra P. schulzei Sollas,

P. laminaris Sollas et P. symbiotica Topsent.

La Scotia a recueilli a I'tle Gough une Poecillastra que je ne puis pas distinguer

specifiqaement de P. compressa car, depourvue d'oxes dermiques speciaux, elle presente

en abondance des tetractines irregulieres, a clades fortement courbes, et des asters dont

les plus faibles imitent frequemment plus ou moins des amphiasters. II me parait juste

cependant de la tenir pour une variete de cette espece en raison surtout de la petite

taille de ses microscleres.

II y en a quatre fragments, vraisemblablement detaches d'un meme specimen, qui

devait affecter la forme d'une coupe largement evasee. Leur epaisseur, de 8 millimetres,

diminue jusqu'a 6 millimetres en leur bord, qui est arrondi. lis sont tout-a-fait blancs
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et lisses. Nettement bifaciaux, ils portent leurs oscules sur la face concave. Oscules

et pores sont, d'ailleurs, comme le montre (PI. IV.) la photographic de deux des

fragments, vus I'un (fig. 1) par la face inlialante et I'autre (fig. 2) par la face exhalante,

revetus d'un ectosome continu, mince, crible d'orifices raicroscopiques. Les oscules

ont environ 0"7 ram. a I mm. de diametre ; leurs intervalles sont perces d'orifices

punctiformes. Les pores se distinguent des oscules par leur nombre plus eleve et par

leur calibre plus faible ; les canaux qui en partent traversent quelquefois la plaque de

part en part pour aboutir a des oscules.

Spiculation.—I. Megascleres : 1. Oxes un pen courbes, longs de 1'8 mm. a 2'2 mm.,

epais de 0'025 mm. a 0"03 mm. lis composent la majeure partie de la charpente ; dis-

tribues sans ordre dans le choanosome, ils s'entrecroisent encore capricieusement dans

I'ectosome mais en y demeurant tangentiels au corps, ce qui laisse I'Eponge parfaitement

lisse sur ses deux faces. Qa et la, un de ces oxes tronque I'une de ses extr(^mites et

I'arrondit, se transformant alors en un style veritable. Lendenfeld accorde une

certaine importance a I'existence ou a I'absence de ces grands styles chez les especes

qu'il a voulu caracteriser. D'apres lui (5, p. 238), Poecillastra compi^essa n'en possederait

pas. En realite, j'en ai trouve de clairsemes comme ici chez des P. compressa de Roscoff

et je les prends pour des malformations, dont la frequence varie suivant les individus.

Parmi les oxes robustes, il s'en rencontre de beaucoup plus freles, qui ne depassent

guere 1 mm. de longueur sur O'OOS mm. d'epaisseur, Ces spicules greles ne representent

pas une categoric a part ; ils sont rares par tout le corps, et, comme ils font precise-

ment defaut dans I'ectosome, ils ne sont nullement comparables aux spicules superficiels

de P. crassa et de P. tenuipilosa.

2. Tetractines fort variables. Leur forme typique est celle d'orthotrisenes a

rhabdome n'excedant guere de plus d'un tiers la longueur des clades, soit, par exemple,

0*3 mm. pour 0-19 mm., 0-39 mm. pour 0'245 mm., sur 0'025 mm. d'epaisseur, Mais la

plupart sont diff"ormes, reduites a I'etat de disenes ou de monsenes ; ou bien leurs clades se

tronquent, se coudent brusquement ou meme se bifurquent ; souvent meme, sur les plus

reduites d'entre elles, le rhabdome pousse une forte protuberance cladoide quelque part

sur sa longueur. Enfin, quelques unes, dirigeant deux de leurs actines vers le haut et

les deux intermediaires vers le bas, se transforment en calthropses. Presque toutes se

placent vers la surface du corps, le cladome appuye contre la face profonde de I'ecto-

some ; elles sont surtout abondantes du cote exhalant ou cloacal.

IL Microscleres : 3. Microxes droits, fusiformes, raboteux, assez souvent centro-

tylotes; ils ont de 0"08 mm. a 0"12 mm., generalement moins de 0"1 mm. de longueur

sur 0*003 mm. a 0*0035 mm. d'epaisseur. lis se distribuent en grand nombre par

tout le corps. 4. Asters. Sollas distinguait chez les Poecillastra des metasters

et des spirasters. Lendenfeld, en 1903 (4), cite des amphiasters et des spirasters

chez P. compressa et seulement des spirasters chez les autres especes. En 1906

(5), il reconnait des amphiasters et des m6tasters a P. compressa et rien que des

metasters ailleurs. C'est qu'on eprouve un certain embarras a designer d'un seul
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iiora des asters aussi variables. En ce qui concerne notre Eponge, elles se tiennent en

tres grande abondance dans le revetement des deux faces sous la forme de spirasters

greles a epines nombreuses ;
quand leurs epines se trouvent en nombre moindre, elles

ont une tendance a se disposer en deux groupes opposes rappelant ceux qui caracterisent

les ampliiasters ; enfin, dans I'epaisseur du corps, des asters se rencontrent a epines en

petit nombre mais plus fortes et dirigees en tons sens, suivant le type metaster. Ces

formes, se reliant les unes aux autres par tous les intermediaires possibles, il n'existe,

en r^alite, qu'une seule sorte d'asters, qu'on pent appeler des metasters puisqu'elles ne

font defaut a cet etat chez aucune espece du genre.

II est a remarquer que les metasters vraies de P. compressa var. parvistellata sont

relativement peu nombreuses et qu'elles demeurent faibles ; elles n'atteignent que

0'016 mm. a 0*023 mm. de longueur et se composent de 3 a 7 6pines fines et pointues,

longues de 0"007 mm. a O'Ol mm.; les spirasters sont de beaucoup ce qui domine, mais

elles demeurent assez courtes (0"01 mm. a 0'013 mm. de longueur pour la plupart,

rarement davantage, souvent moins) et portent des epines nombreuses, bacilliformes, si

breves que leur largeur totale varie le plus souvent entre 0'004 mm. et 0*006 mm.
;

quant aux amphiasters, elles restent clairsemees et ne se montrent qu'exceptionnellement

et comme par hasard de type assez pur.

MONAXONIDA.
La collection des Monaxonides de la Scotia comprend une trentaine d'especes, mais

il convient d'en faire trois parts d'apres leur distribution geographique : les especes

antarctiques, les especes subantarctiques et une espece recueillie seule dans une operation

hors serie.

A I'exception de Myxilla spongiosa (Ridley et Dendy) var. asigmata, draguee

avec des Hexactinellides, le 18 mars 1904, Station 417, aupres de la Terre de Coats,

par 1410 brasses de profondeur, les especes antarctiques proviennent des Orcades du

Sud (Station 325) et sont des formes littorales, recueillies par 7 a 10 brasses seulement,

pendant le sejour de huit mois fait par la Scotia, en 1903, dans la bale qui porte

d^sormais son nom. Dans ce lot se trouvent quatre lophon decrits anterieurement,

deux, /. pluricornis Tops, et /. unicornis Tops., d'apres le materiel de la Belgica, et

deux, /. spatulatus Kirkp., et I. Jiahcllodigitatus Kirkp., d'apres celui de la Discovery;

puis, une Mycale, M. acerata Kirkp., deja rencontree par la .Discovery, une Homoeo-

dictya du Frangais, H. setifera et une Reniera, R. dancoi, que j'ai fait connaitre en

1901 (26, p. 12) et que Kirkpatrick a revue (3, p. 53). Myxilla spongiosa asigmata

etant dans le meme cas que Reniera dancoi (26, p. 18 et 3, p. 28), il n'y a a mentionner,

comme Monaxonides antarctiques nouvelles, que trois especes, Gellius arcuarius,

Petrosia depellens et Reniera cylindrica. Je ne fais pas entrer en ligne de compte

des fragments sans valeur appartenant a des Reniera.

Les especes "subantarctiques forment elles-memes deux lots bien distincts. Le
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premier, pris sur le banc de Burdwood, Station 346, et aux ties Falkland, Stations 118

et 349, se compose de treize especes, dont les sept suivantes sont nouvelles : Homoeo-

dictya verrucosa, Mycalepellita, Tedania miirdochi, Lissodendoryx huchanani, Clathria

toxiprwdita, Dendoryx nodaspera et Raspaxilla phakellina, la derniere, type d'un

genre nouveau, et ravant-derniere, type d'un genre ancien a denomination changee.

Des six autres especes, quatre etaient connues du Chili [Hymeniacidon fernandezi

Tliiele), de la Patagonie [Mycale magellanica Eidley, Stylostichon nohile patagonicum

Edl. et D.) ou de I'Antarctique [Tedania charcoti Tops.); une cinquieme, Toxo-

chcdina rohusta Ridley, avait 6t6 decouverte a Port-Jackson, puis retrouvee a Bahia

;

la sixieme n'est pas determinable meme comme genre.

Le deuxieme lot de Monaxonides subantarctiques a ete obtenu bien loin du premier,

dans un dragage par 100 brasses de profondeur, a I'ile Gough, Station 461. II comprend

quatre especes, dont trois nouvelles, Stylostichon, toxiferum, Buharis murrayi et

Pseudosuherites exalhicans, celle-ci representant seule le sous-ordre des Hadromerina

dans la collection ; la quatrieme espece, Dictyociona discreta (Thiele), avait 6te signal6e

sur la cote du Chili, mais je la tiens pour le type d'un genre nouveau,

II me reste, pour terminer cet expose, a citer une Cladorhiza nouvelle, C. thomsoni,

qui, prise entre I'ile Gough et Cape Town, au retour de I'expedition, pent etre con-

sid6ree comme faisant partie de la faune Sud-Africaine.

I. S.O. HADROMERINA.

Famille Suberitid^.

Pseudosuherites exalhicans, n. sp. (PI. IV. fig. 5.)

Station 461, 22 avril 1904, He Gough, 40° 20' lat. S., 9° 56' 30" long. W.
;

profondeur, 100 brasses.

Les six specimens obtenus permettent de se faire une id6e probablement exacte

de cette Eponge qui, a certains egards, rappelle sa cong6nere Pseudosuherites hyalinus

(Rdl. et D.) Tops.

De dimensions in6gales et de formes capricieuses, ils incorporent tons beaucoup de

corps Strangers ; mais si les uns se reduisent a une mince couche spongieuse autour

d'un conglomerat, d'autres, d'une croissance plus vigoureuse, sont devenus massifs par

eux-memes. De ces derniers la partie superieure surtout est spongieuse ; elle est meme

assez molle et facilement d6chirable ; elle emet des lobes arrondis et greles, en nombre

tout-a-fait restreint dans le specimen figure, mais qui, parfois, s'allongent, se lobent a

leur tour, s'anastomosent aveo les voisins et constituent en definitive une ramification

irreguliere, a rameaux minces, bosseles et obtus. Nulle part les orifices aquiferes ue

sont apparents.

L'ectosome est une membrane incolore, translucide, d6tachable par grands lambeaux

et molle, malgre ses spicules de soutien. Ceux-ci se disposent dans son 6paisseur en
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des faisceaux assez fournis qui, se couchant obliquement, s'y entrecroisent sur divers

plans, sans former un reseau veritable. Les faisceaux s'epanouissent en bouquets a leur

terminaison, et, comme ils ne sont pas horizontaux, ils percent 5a et la la surface

D-enerale du corps. II en resulte pour elle une hispidation lache, tres courte et oblique.

Le choanosome, jaunatre, est charnu, a charpente halichondrioide, sans ordre et

peu dense.

Les spicules sont des tylostyles a base bien degagee, pareille a celle des tylostyles

de Terpiosfugax (25, pi. vi. fig. 10), c'est-a-dire le plus souvent cordiforme en coupe

optique, quelquefois globuleuse acuminee avec bourrelet annulaire ; leur tige, legerement

courbee, a peine fusiforme, ne depasse guere en epaisseur la largeur de leur tete ; leur

pointe s'etfile progressivement. lis sont inegaux et varient entie 0'13 mm. de longueur

sur 0'0045 mm. d'epaisseur et 0*34 mm. sur 0"01 mm.

La forme de ces spicules et leur disposition dans I'ectosome servent a distinguer

Pseudosuberites exalhicans des P. sulphureus (Bean) Tops, et P. andretvsi Kirkp.
;

leurs dimensions empechent toute confusion avec P. hyalinus (Rdl. et D.) Tops.

IL S.O. HALICHONDRINA.

Famille Axinellid^.

Hymeniacidon fernandezi, Thiele. (PI. IIL fig. 6.)

1905. Hymeniacidon fernandezi, Thiele (20, p. 422).

Station 118, l*' fevrier 1904, Port Stanley, iles Falklands
;
profondeur, 6 brasses,

Un specimen sans support, en croute 6paisse. Je le prendrais volontiers pour un

Hymeniacidon caruncula Bow., tant pour son aspect que pour sa structure. Mais sa

coloration a I'etat de vie n'a pas ete notee et ses styles, tout en restant de meme forme

que ceux de H. caruncula, sont plus courts qu'eux. lis ne depassent pas 0"3 mm.

de longueur sur 0'007 mm. d'epaisseur alors que chez des H. caruncula de la Manche,

ils atteignent 0*43 mm. sur 0"008 mm. On les trouve, d'ailleurs, de taille in^gale de

part et d'autre dans un meme individu.

Comme les variations des styles de H. caruncula n'ont pas ete etudiees, je crois

devoir rapporter VHymeniacidon de la Scotia a I'espece //. fernandezi Thiele, dont les

specimens conserves etaient decolores aussi. Je fais cependant des reserves au sujet

de cette identification car Thiele a releve des diff'erences de taille entre les spicules

de ses H. fernandezi ]Ans grandes que celles que je viens d'indiquer entre les styles

de YHymeniacidon de la Scotia et ceux de H. caruncula. En outre, I'un des H.

fernandezi possedait des styles pareils a ceux de H. ruhiginosa Thiele qui, vivante,

rappelait H. caruncula par sa coloration.

Ne peut-on pas se demander si tout cela n'appartient pas a une seule et

meme espece ?
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Bubaris murrayi, n. sp. (PI. III. fig. 1.)

Station 461, 22 avril 1904, lie Gough, 40° 20' lat. S., 9° 56' 30" long. W.
;

profondeur, 100 brasses.

Cette Eponge aflfecte des caracteres exterieurs qui la rendent aisement reconnaissable.

Les quatre specimens qui en ont ete recueillis ne different entre eux que par leur taille.

II y en a un de meme grosseur que le plus petit de la figure 1, PL III., mais le quatrieme

est le plus volumineux de tons : avec une forme aussi reguliere que les autres, il mesure

4 centimetres de hauteur, 4 centimetres d'epaisseur et 5 centimetres de largeur.

Tous sont massifs, lobes, a lobes decomposes en de nombreux tubercules vaguement

arrondis, in^gaux. Tous sont libres de tout support et ne paraissent pas avoir tite

attaches ; ils n'ont done certainement pas passe par un etat encrotitant. lis sont d'un

blanc pur dans I'alcool. Leurs diverses faces se montrent plus ou moins aufractueuses.

Les tubercules superficiels demeurent lisses, mais les plus proteges par leur position se

herissent d'une hispidation lache, assez haute. Entre les tubercules, I'ectosome se tend

pellucide et luisant, au-dessus de cavites sous-dermiques spacieuses, 11 n'y a pas

d'orifices aquiferes distincts. La masse est de consistance ferme, peu compressible.

La charpente squelettique n'occupe que I'axe de chaque tubercule sous forme de

solides faisceaux de spicules qui divergent pour se terminer en divers points de la

surface. Autour de ces faisceaux et entre eux est une chair abondante, en grande partie

collenchymateuse. Les faisceaux se composent surtout d'oxes flexueux unis par de la

spongine. Ces spicules, sans dimensions fixes, mesurent comme longueur ordinaire

07 mm., mais il en est de plus longs comme aussi de moitie plus courts ; de meme, ils

ont pour la plupart 0'014 mm. d'epaisseur environ, mais il s'en trouve dont I'^paisseur

atteint 0*025 mm. Des styles lisses peu courbes, non renfles a la base, a pointe mai

acer^e, les accompagnent mais deviennent surtout nombreux a I'extremit^ des faisceaux,

s'y disposant en bouquets laches qui causent I'hispidation de la surface. La longueur

de ces styles varie entre 0*5 mm. et 1 mm. ; leur epaisseur est celle des oxes les

plus gros.

Je d^die cette espece a I'illustre oc^anographe 6cossais, Sir John Murray.

Famille Pcecilosclerid^.

Sous-famille Ectyoyiinse.

Genre Raspaxilla, n.g.

Ectyoninss dressees, stipitees, axinellidiformes. D'un reseau spiculo-fibreux axial

rayonnent vers la surface, procbes les unes des autres, des colonnes plumeuses. Des

styles longs et lisses occupent I'interieur des fibres et, la pointe tournee en haut, com-

posent aux colonnes un axe grele ; des acanthostyles particuliers, tordus a la base,

^pineux tout au plus dans leur moitie apicale, herissent abondamment reseau et

colonnes, sur lesquels ils s'appuient obliqucment. Au sommet des colonnes, les styles
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de leur axe divergent en bouquet et rendent hispide la surface du corps tandis qu'autour

d'eux se disposent en faisceau d'autres styles, longs mais tenus. Pas de microscleres.

Easpaxilla phakellina, n.sp. (PI, I. fig. 4 et PL VI. fig. 15.)

Station 346, 1" decembre 1903, Banc de Burdwood, 54° 25' lat. S., 57° 32' long. W.
;

profondeur, 56 brasses.

Un specimen.

C'est une Eponge dressee, stipitee, ramifiee, a rameaux sensiblement etales dans un

meme plan. Son pedicelle est ferme, court, subcylindrique, peu elargi en son point

d'attaclie au support, Ses branches, au contraire, sont souples et aplaties et n'atteignent

pas 2 millimetres d'epaisseur. En les regardant par transparence, on aper9oit au

milieu des quatre branches primaires une bande sombre qui emane du pedicelle,

constitue leur axe, se divise dans les branches secondaires mais progressivement

s'y efface. Lindividu a une hauteur totale de 67 millimetres et une envergure de

10 centimetres; mais un long sejour dans un flacon trop etroit I'avait un peu enroule

en oublie, de sorte que, sur la photographic (PI. I. fig. 4), les deux moities du corps

ne semblent pas pareilles et que les rameaux de droite, vus obliquement et mal au

point, paraissent cylindriques. Les deux faces se ressemblent ; elles sont hispides et

sans orifices apparents ; une chair unie, marquee de craquelures, les revet sur la plus

grande partie de leur etendue. Le tout est blanc creme, dans I'alcool.

Le squelette de cette Eponge est tres caracteristique. L'axe des branches est un

reseau fibro-spiculeux a mailles allongees dans le sens de la hauteur ; la spongine,

abondante et jaune, le rend tres resistant ; elle y enveloppe, solitaires et clairsemes,

des styles longs, lisses et droits ; elle y supporte, appuyes sur ses fibres par leur base,

dans une direction plus ou moins oblique, d'abondants acanthostyles de type particulier.

Sur l'axe ainsi constitue se dressent, gagnant toutes la peripheric, et fort rapprochees

les unes des autres, des colonnes plumeuses dont le centre est occupe par une file assez

grele de styles longs, lisses et droits, la pointe invariablement tournee vers I'extericur

;

les acanthostyles precites entourent ces colonnes et, s'y appliquant par leur base,

obliquement, la pointe vers la surface du corps, les rendent plumeuses. Au bout de

chaque colonne, les styles forment un petit bouquet divergent et rendent la surface

hispide. Enfin, autour des styles saillants au dehors, se dispose un faisceau de styles

lisses, remarquables par leur longueur et leur gracilite.

Spiculation.—I. Megascleres : 1. Styles lisses (PI. VI. fig. 15a), generalement

droits ou a peine courbes, a base ni renflee ni tordue, a pointe terminee en un mucron

href Les plus superficiels d'entre eux, qui sont aussi les plus longs, atteignent

1*2 mm. a r4 mm. sur 0*018 mm. d'epaisseur a la base. Ce sont les spicules principaux

de I'Eponge puisqu'ils se trouvent dans I'^paisseur des fibres du reseau axial et qu'ils

constituent l'axe des colonnes plumeuses. 2, Acanthostyles (PL VL fig. 156), re-

marquables en ce qu'ils ne portent jamais d'epines dans leur moitie basale ; ces epines,

qui sont toujours faibles mais serrees, ne manquent jamais completement sur toute leur
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longueur, mais elles deviennent difficiles a voir sur les plus grands d'entre eux tandis

qu'elles sont bien apparentes sur ceux de taille moyenne, les ornant souvent sur toute

leur moitie distale. Ces spicules sont, en outre, toujours courbes a peu de distance de

leur base, souvent fortement, souvent aussi brusquement, et frequemment assez pres

de cette base pour que celle-ci forme une crosse. Enfin, il n'est pas rare que la base,

destinee a s'implanter dans la spongine, se renfle un pen en une tete de subtylostyle.

Leur taille, variable, oscille entre 0'16 mm. sur 0008 mm. et 0"35 mm. sur 0*018 mm.

3, Styles (PI. VI. fig. 15c), a base tres simple, a pointe excessivement fine, re-

marquablement greles, puisqu'ils mesurent 0"6 mm. de longueur sur 0'002 mm. seule-

ment d'epaisseur. lis se disposent par douze a quinze autour dcs styles superficiels

qui herissent le corps, en faisceaux generalement epanouis dans I'epaisseur de I'ectosome.

Pas de microscleres.

Par ses megascleres epineux, herissant ses fibres axiales et ses colonnes radiales,

I'Eponge se revele comme une Ectyonine. Ses bouquets de styles greles, par leur

nature meme comme par leur disposition, rappellent ceux des Raspailia. L'absence

totale de microscleres accentue le rapprochement. Mais la structure est bien differente

de part et d'autre, les Raspailia ne formant pas de colonnes plumeuses et n'ayant

d'acantliostyles, de type d'ailleurs banal, qu'a titre de complement. Ici, au contraire,

les acanthostyles, de forme particuliere, constituent de beaucoup la majeure partie du

squelette. Le reseau fibro-siliceux reste confine dans I'axe des branches principales et

la charpente se compose surtout de colonnes plumeuses. L'epanouissement en bouquet

superficiel des styles qui forment I'axe de ces colonnes est un dernier trait qui distingue

les Raspailia de I'Eponge de la Scotia, type, pour tant de motifs, du genre nouveau

Raspaxilla.

Genre Dictyociona, n.g.

Ectyoniiice a charpente composee d'un reseau fibro-spiculeux serre, a spongine

abondante dans la profondeur, puis de plus en plus rare vers la surface. Les mega-

scleres principaux et les megascleres herissants sont des acanthostyles ne differant entre

eux que par leurs dimensions ; les premiers, plus ou moins completement enveloppes

dans la spongine des parties profondes du squelette, se disposent vers la surface en

bouquets qui se touchent ; les seconds s'implantent isolement aux noeuds du reseau.

Les spicules ectosomiques sont monactinaux. II y a des microscleres, isocheies

et toxes.

Dictyociona discreta, (Thiele). (PI. IIL fig. 5.)

1905. Microciona discreta, Thiele (20, p. 447, fig. 65).

Station 461, 22 avril 1904, He Gough, 40° 20' lat. S., 9° 56' 30" long. W.

;

profondeur, 100 brasses.

Un specimen,blanc dans I'alcool.

Thiele, qui a vu le premier repr^sentant de cette espece, en a fait une Microciona.

Le specimen de la Scotia se compose de 80 a 90 tigelles dressees, cylindriques ou
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un peu comprimees, souvent geminees, hautes au plus de 10 millimetres, selevant

d'une base commune, puis independantes, a de rares anastomoses pres, sur presque

toute leur hauteur. Une membrane pellucide tres mince etait tendue entre elles a

une petite distance au-dessous de leur sommet. Nul orifice aquifere n'etait distinct,

Ces tigelles, epaisses de 1 mm. a 1'5 mm., et fermes, ont une structure absolument

differente de celle des Microciona et caracteristique d'un genre nouveau. Leur squelette

ne se compose pas, en eifet, de colonnes plumeuses independantes et paralleles mais d'un

r^seau fibro-spiculeux continu.

Dans la partie inferieure des tigelles et suivant leur axe, sur les trois quarts environ

de lear hauteur, la spongine est tres developpee et pent etre largement debordante
;

mais elle diminue graduellement d'importance vers la peripheric et vers le sommet des

tigelles. La charpente est serree, a mailles losangiques etirees vers la surface. Elle

peut s etre constituee au centre de chaque tigelle aux depens d'un certain nombre de

fibres de meme valeur que celles des Microciona, mais alors de frequentes anastomoses

fibro-spiculeuses les ont unies en un reseau veritable et leur ont fait perdre toute

individualite ; en outre, vers la surface et sur une certaine epaisseur, les bouquets

spiculeux qui terminent ces colonnes plumeuses, rayonnant tout autour de la tigelle,

sent entres en contact et ont continue le reseau, devenu surtout spiculeux
; la direction

que prend la pointe des spicules est assez significative. Les spicules herissants

s'implantent surtout aux points d'entrecroisement des fibres et aux noeuds du reseau

plus superficiel. Dans son ensemble, une telle structure donne aux tigelles de I'Eponge

de la rigidite et de la tenacite.

Spicidation.— I. Megascleres : 1. Suhtylostyles ectosomiques peu nombreux, droits,

a pointe courte, a base un peu renflee elliptique et couronnee de quelques epines fort

petites; ils mesurent 0'18 mm. a 0-24 mm. de longueur et 0"0043 d'epaisseur au-dessus

de la base. 2. Acanthostyles choanosomiques longs de 0'2l mm. a 0*28 mm., epais

de O'OIS mm. a O'OIS mm. au niveau du cou ; ils ont une base renflee, ornee d'epines

nombreuses, generalement obtuses, droites ou un peu recourbees vers la tige ; la premiere

partie de celle-ci est lisse ou ne porte que des epines clairsemees, tandis que sa seconde

moitie s'arme d'epines abondantes, robustes et recurvees ; la pointe est aceree et peu

epineuse. 3. Acanthostyles herissants, exactement de meme type que les precedents,

maistoujours sensiblement plus petits, puisqu'ils ne mesurent que 0'09 mm. a 0"12 mm.
sur 0"008 mm. au niveau du cou.

IL Microscleres : 4. Isocheles nombreux, remarquables par leur exiguite, leur

longueur ne depassant pas O'OOB mm. 5. Toxes lisses, clairsemes, fortement arques,

a bouts pointus ; leur envergure atteint 0"07 mm. a 0'08 mm.

Cette spiculation compliquee ressemble a tel point, tant par les details de coiiformation

que par les dimensions de ses cinq sortes d'elements, a celle de la Microciona discreta

de Thiele qu'on ne peut douter avoir affaire a un second individu de I'espece. Thiele

a remarque que les acanthostyles principaux ne sont pas pareils a ceux des Microciona.

Ils rappellent les acanthostyles herissants des Ehaphidophlus et de certaines Clathria
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et me conduisent a rapprocher de ces genres d'Ectyonines le nouveau genre Dictyociona
;

il s'eu distingue, d'ailleurs, aisement par ce fait que megascleres principaux du choano-

some et megascleres herissants sont chez lui d'un meme modele.

Clathria toxiprwdita, n. sp. (PI. V. fig. 4 et PL VI. fig. 12.)

Station 346, 1" decembre 1903, Banc de Burdwood, 54° 25' lat. S., 57° 32' long. W.;

profondeur, 56 brasses.

Cette espece est nettement caracterisee par la possession simultanee d'isocheles de

deux sortes et de toxes tres abondants, d'une longueur inaccoutumee.

Elle est representee dans la collection de la Scotia par un seul specimen, blanchatre,

long de 7 centimetres, large de 6 centimetres, epais de 25 millimetres. II s'est d^veloppe

sur un cote d'un fragment de polypier rameux, qui devait reposer en long sur le sol.

Une Tedania a gene sa croissance mais se trouve en majeure partie enclavee dans sa masse.

Quoique massif, il doit etre manie avec une certaine precaution, parce qu'il se compose

de colonnes dressees, d'inegale grosseur, plutot greles, lachement anastomosees entre

elles et fragiles. Ces colonnes, tronquees a leur extremite libre, aboutissent toutes

sensiblement a la meme hauteur et se presentent a la surface comme des lobes aplatis

ou polygonaux, limites par de profondes crevasses, L'ectosome ne forme pas de

membranes detachables.

Spiculation.— I. Megascleres: 1. Suhtylostyles ectosomiques, droits, a tete ovale,

assez renflee, large de 0"007 mm., ornee en son sommet d'un tout petit nombre d'epines,

difiiciles a voir; ils mesurent 0*31 mm. a 0*32 mm. de longueur sur 0005 mm.

d'epaisseur. 2. Styles des fibres, lisses, courbes dans leur tiers basilaire, legerement

renfles en tete arrondie a un bout, termines en pointe breve a I'autre ; relativement

gros pour leur longueur, ils mesurent 0*55 mm. a 0"65 mm. sur 003 mm. 3. Acantho-

styles herissant les fibres, assez clairsemes, generalement droits, entierement epineux,

pointus, a base renflee, longs de 0"1 mm. a 155 mm., epais de 0*009 mm. au niveau de

la tete et de 0*007 mm. au-dessous d'elle.

II. Microscleres : 4. Isocheles palmes, du type des isocheles habituels des Clathria

(PI. VI. fig. 12c), avec une petite pointe a cliaque bout; ils sont longs de 0*0155 mm.,

larges de 0*003 mm. et tres nombreux. 5. Isocheles palmes (PI. VI. fig. 126), longs

de 0*022 mm., larges de 0*007 mm. a 0*008 mm., munis d'un tubercule sur chaque dent

et remarquables surtout parce que leur tige avec ses ailes s'arrondit, tandis que leurs

deux dents, s'ecartant beaucoup en avant d'elle, viennent ou pen s'en faut, au contact

I'une de I'autre; le spicule, vu de profil, affecte la forme d'une navette large de 0*01

mm. en son milieu, a bouts largement emousses, lis sont abondants, sans qu'aucun

interm^diaire de forme ni de taille existe entre eux et ceux de la categoric precedente.

6. Toxes lisses (PI. VI. fig. 12a), excessivement nombreux et de toutes dimensions,

depuis 0*1 mm. d'envergure sur 0*0003 mm. d'epaisseur jusqu'a 1*75 mm. sur 0*007 mm.

Leur courbure varie aussi avec leur taille ; en general, elle nest accusee qu'en leur centre
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et leurs deux moiti^s se trouvent sur la majeure partie de leur longueur dans le prolonge-

ment I'une de I'autre. Les plus grands de ces spicules ne se revelenfc comme toxes que par

une l^gere inflexion situee en leur milieu ; leurs pointes sont aigues, mais assez breves.

Stylostichon toxiferum, n. sp. (PI. IV. fig. 7 et PI VI. fig. 14.)

Station 461, 22 avril 1904, He Gough, 40° 20' lat. S., 9° 56' 30'' long. W.;

profondeur, 100 brasses.

Un specimen massif, brun clair, tres compressible, de dimensions a peu pres ^gales

dans tous les sens, developpe tout autour d'un caillou qui se trouve maintenant occuper

sa base. II n'a pas d'orifices distincts. Son ectosome, lisse et translucide, se d^taclie

avec facilite. Son clioa,nosome a une charpente de longues lignes squelettiques brunes,

peu serr^es, a structure typique de Stylostichon. La coloration gen6rale est due en

partie a de la spongine jaune fence qui renforce les colonnes spiculeuses et en partie a

des cellules spheruleuses brun^tres, tres abondantes, grosses de 0"01 mm. a 0"012 mm.,

a spherules petites,

Spiculatton.— I. M^gascleres : 1. Tylostyles composant I'axe des colonnes; longs

de 0'5 mm., lisses, a base assez renflee (0"015 mm.), a tige 6paisse (0"012 mm.) et

courbee dans son tiers basilaire, a pointe breve, ac6r6e, ils offrent bien I'aspect

d'acanthostyles dont les epines se seraient efFacees
;
quelques uns, d'ailleurs, en con-

servent un petit nombre sur leur base. lis se groupent par trois a cinq, de sorte que

les colonnes demeurent greles. La plupart d'entre eux conservent une direction

g^n^rale ascendante, la pointe tournee vers la surface de I'Eponge, mais il s'en trouve

toujours un certain nombre qui s'implantent obliquement sur la fibre par leur base.

2. Acanthostyles h^rissants des fibres, de forme banale, droits ou peu courbes, a base

renflee sans exageration, entierement converts d'^pines faibles et 16gerement r6curv^es
;

ils varient de 0'07 mm. a 0'2 mm. de longueur sur 0*004 mm. a O'OOS mm. d'^paisseur

au-dessus de la base ; ils forment un angle tres ouvert avec les fibres, sur lesquelles ils

s'implantent en grand nombre. 3. Subtylostyles ectosomiques, lisses a I'exception de

leur base qui, de forme allong^e, porte un groupe d'epines toutes petites en son sommet

;

cette base est le plus souvent legerement tordue sur la tige, qui est gen^ralement droite

et progressivement eflilee, longue de 0'32 mm. a 0*57 mm., epaisse de 0'004 mm. a

O'OOS mm. Ces spicules, tres abondants a la surface du corps, s'y pressent en bouquets

divergents qui s'epanouissent dans I'ectosome et s'y couchent sans determiner la moindre

hispidation.

II. Microscleres : 4. Toxes de deux sortes, les uns lisses (PI. VI, fig. 14), a centre

dessinant une courbe ouverte, arrondie, a bouts doucement r^flechis, pointus ; ils mesurent

de 0*04 mm. a 0*06 mm. d'envergure, le plus couramment 0*05 mm. et 0-014 mm.
d'epaisseur en leur milieu ; les autres plus grands (0'085 mm.) mais toujours bien plus

greles, rugueux vers leurs extremites. Ce sont les seuls microscleres presents, mais

ils existent, les premiers surtout, en abondance.
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Stylostichon nohile var. patagonicum, (Ridley et Dendy) Topsent.

1887. Myxilla nohilis var. pafagonica, Ridley et Dendy (11, p. 142, pi. xxvii. fig. 13).

Station 346, V' d^cembre 1903, Banc de Burdwood, 54° 25Mat. S., 57° 32' long. W.;

profondeur, 56 brasses.

Un specimen informe, sans support, assez volumineux, car il est long de 95 milli-

metres, large de 60 millimetres, epais de 35 millimetres. Sa surface, irreguliere,

rugueuse, est parcourue par des sillons si nombreux qu'ils la decoupent en une infinite

de lobules rappelant ceux de Clathria toxiprsedita (PI. V. fig. 4), mais plus 6troits.

Pas d'orifices distincts. Coloration gris fonce, Consistance fragile.

Les caracteres de I'ectosome et du choanosome se retrouvent ici tels que Ridley et

Dendy les ont d^crits. Les fibres squelettiques ne gardent d'individualite que sur une

faible longueur, mais, d'apres leur existence meme, I'Eponge doit etre extraite du genre

Myxilla stricto sensu et rattachee au genre Stylostichon.

Ridley et Dendy ont cru remarquer I'existence d'epines sur la tete des tylotes.

Leur observation se v6rifie aisement dans le specimen de la Scotia : chacun des

renflements de ses tylotes se retr^cit pour se terminer par deux toutes petites epines

pareilles a un double mucron.

Des sigmates se rencontrent dans mes pr(^parations, mais j'ai tout lieu de supposer

qu'ils proviennent de specimens de Mycede pellita conserves avec le Stylostichon.

Les mesures des spicules sont sensiblement les memes que dans le type, qui provenait

du S.W. de la Patagonie.

Genre Dendoryx, J. E. Gray (emend.).

Gray, en 1867, a etabli le genre Dendoryx (2, p. 535) avec cette diagnose :
" Sponge

massive, irregularly reticulated. Spicules of. four kinds : 1. Fusiform or cylindrical,

pointed at each end, smooth. 2. Needle-like, spinulous all over. 3. Equibianch orate,

three-spined at each end. 4. Bihamate." II y rattachait huit especes de Bowerbank

noyees par leur auteur dans le genre Halichondria, et H. incrustans Bow., inscrite en

tete de la liste, devenait le type du genre Dendoryx.

La diagnose 6crite par Gray 6tant tellement vague qu'elle I'avait conduit a grouper

des Eponges tres diff^rentes les unes des autres, j'ai cherch6 a plusieurs reprises a la

pr^ciser d'apres la structure et la spiculation de son type, et je suis arriv^, notammerat

en 1892 (23, p. 97), a la tracer de la sorte : Esperellinse ordinairement sans formes

d^finies ; m^gascleres de I'ectosome ordinairement diactinaux (tylotes, strongyles ou

tornotes), rarement monactinaux, normalement lisses ; m^gascleres du squelette, in-

variablement styles 6pineux.

Je faisais remarquer en meme temps que les Dendoryx se distinguaient des Myxilla

par I'absence de spicules h^rissant la charpente squelettique. Au genre Dendoryx ainsi

compris se rattachaient des especes nombreuses.

Mais Thiele, en 1903 (19, p. 953), puis Lundbeck, en 1905 (7, p. 132), ont objects

que la diagnose pr^c^dente convenait au contraire au genre Myxilla Schmidt, 1862,
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dont I'espece type 6tait M. rosacea Liebk., a squelette reticule fait d'acanthostyles et

non li^risse d'acanthostyles plus petits. Lundbeck a conserve dans le genre Myxilla

reduit a cette expression les especes pourvues d'isancres ; il a constitu^ le genre

Lissodendoryx Topsent [emend.) avec les especes a isocheles.

Le genre Myxilla avait joui a un moment donn6, d'une comprehension tres large.

Ainsi RiDi;EY et Dendy (ll) appelaient Myxilla des Eponges a squelette reticule

d'acanthostyles, non herisse, comme M. rosacea, d'autres a squelette reticule d'acantho-

styles, h^risse, comme M. mariana, d'autres encore, a squelette en fibres herissees,

comme M. nobilis et M. frondosa. Les premieres restent dans le genre Myxilla stricto

sensu ; les dernieres sont des Stylostichon. Que faire des autres ?

De la liste des especes inscrites par Gray dans son genre Dendoryx, la seconde,

D. thompsoni, est mal connue, mais, a cause des acanthostyles qui sont cit^s seuls

comme m^gascleres de son squelette et des styles, indiques comme megascleres des

membranes, elle doit rentrer dans le genre Myxilla au meme titre que D. incrustans,

dont elle a les microscleres, " bidentate, equianchorate," c'est-a-dire les isancres. La

troisieme espece, D. albula, est une Grayella, a moins que, pour elle, on ne tienne, ce

que je deplorerais, pour ma part, a faire tomber le genre Grayella en synonymic du

genre Dendoryx. La quatrieme, D. irregularis, rentre dans la categoric des Ectyonines

a squelette reticule, telles que Myxilla mariana, non encore classees. Je propose de

consid6rer, par consequent, cette D. irregularis (Bow.) Gray comme le type du genre

Dendoryx Gray, mais pris dans une acception nouvelle ; une simple interversion de

noms donnera de la sorte satisfaction aux reclamations resultant de la priority incontes-

table de Myxilla sur Dendoryx au sens ou je I'avais pris jusqu'ici.

Les Dendoryx seront, d'apres cela, des Ectyoninse poss^dant pour megascleres

ectosomiques des spicules diactinaux (ou pouvant passer pour tels), le plus ordinairement

lisses
;
pour mt^gascleres choanosomiques des acanthostyles (peut-etre a I'occasion des

styles lisses ou a 6pines rares), disposes en un reseau plus ou moins regulier, aux noeuds

duquel s'implantent des acanthostyles plus courts, herissants. Les microscleres sont

des isocheles (non pas des isancres), accompagnes ou non de sigmates ou de toxes.

L'Eponge suivante devient pour ces raisons :

Dendoryx nodaspera, n. sp. (PL VL fig. 3.)

Station 346, 1^'decembre 1903, Banc de Burdwood, 54° 25' lat. S., 57° 32' long. W.;

profondeur, 56 brasses.

Cette espece ressemble beaucoup par sa spiculation a Dendoryx compressa (Rdl.

et D.) (u, p. 139); mais ses megascleres sont plus petits, ses sigmates lineaires se

contournent rarement et surtout ses isocheles affectent une forme toute diiferente, plus

semblable a celle des memes microscleres d'un Stylostichon qui lui est sur plus d'un

point comparable, S. repens Tops. (27, p. 170).

Le specimen unique qui la represente, embrassant un tube de Serpule, est une petite

Eponge massive, grise, assez ferme, longue de 25 millimetres, large de 10 a 20 milli-
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metres, epaisse de 12 millimetres. Sa surface se montre lisse sur une certaine etendue,

dans un enfoncement qui parait etre le moule d'un corps etranger car elle est, a ce niveau,

dure et imperforee
;
partout ailleurs, elle est irreguliere, marquee de petites crevasses

sinueuses ou punctiformes ; nulle part elle ne porte d'ectosome distinct. Des cassures

mettent a nu I'interieur, oil des canaux aquiferes etroits mais nombreux se croisent en

tous sens. L'etat du specimen ne permet pas de reconnaitre ses oscules.

La charpente choanosomique forme un reseau tres net a mailles triangulaires, dont

les cotes, oil plusieurs acanthostyles peuvent se placer cote a cote, ne mesurent qu'une

seule longueur de spicule ; aux noeuds du r6seau se dressent un acanthostyle h^rissant

ou deux, rarement davantage. La density de ce reseau explique la consistance de la

masse. II ne se dessine pas de fibres, de sorte que le type de structure est tres pur.

Enfin, comme il n'existe pas de spongine d'union des megascleres, la charpente demeure

assez fragile.

Spiculation.— I. Megascleres : 1. Tornotes ectosomiques droits, peu abondants,

6pars ; ils ressemblent tout-a-fait a celui qui a 6te figure de Dendoi'yx compressa

(ll, pi. xxvii. fig. 9c), car I'un de leurs bouts se renfle et se termine par un mucron
;

ils ne mesurent que 0*145 mm. a 0"16 mm. sur 0"004 mm. 2. Acanthostyles clioano-

somiques du reseau, droits ou a peine courbes, courts et 6pais, assez uniformes, longs de

0"16 mm. a 0'165 mm., epais de 0*009 mm. a 0*01 mm. a la base, sans compter les epines
;

ils ont, au contraire de ceux de D. compressa, une base toujours renfl^e, avec des Opines

fortes et longues qui, avant leur terminaison, se coudent brusquement vers le bas, c'est-

a-dire dans la direction de la tige ; celle-ci est entierement epineuse, sauf en sa pointe,

qui est courte et acer^e, et ses epines sont hautes, coniques et droites, pas plus serrees

que chez D. compressa. 3. Acanthostyles herissants, droits, de meme type que les

precedents et n'en difi"6rant que par leurs dimensions et par le fait que les Opines de leur

tige se retroussent vers leur base ; leur taille est assez uniforme aussi, car ils mesurent

0*075 mm. a 0*083 mm. de longueur sur 0*005 mm. a 0*006 mm. d'^paisseur a la base,

sans compter les epines.

IL Microscleres : 4. Isocheles abondants, a tige fortement courbee, a ailes et a dents

larges, fort inegaux, depuis 0013 mm. jusqu'a 0*04 mm. de longueur; les plus grands

ont une tige epaisse de 0004 mm. La figure 3a de la planche VI. montre a quel point

ils diff"erent des microscleres correspondants de D. compressa, dont ils ont pourtant les

dimensions. 5. Sigmates lin^aires, mesurant O'OIS mm. a 0*02 mm. de corde, tres

nombreux, rarement contournes, le plus souvent arques dans un plan et tres arrondis

(PI. VI. fig. 36).

Des caracteres distinctifs trop importants se relevent entre cette Dendoryx du Banc

de Burdwood, recueillie par une faible profondeur, et les D. compressa qui vivaient par

600 m. a I'embouchure du Rio de la Plata, pour que je me decide a identifier ces Eponges.

Pourtant, je ne serais pas surpris que de nouveaux materiaux provenant de localit^s

et de profondeurs interm^diaires diminuassent un jour a nos yeux la valeur de ces

diS"6rences.
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Sous-famille Myxillinse.

Myxilla spongiosa, Ridley et Dendy, var. asigmata, Topsent. (PL III. fig. 3.)

1901. Lissodendoryx spongiosa (Rdl. et D.), var. asigmata, Topsent (26, p. 18).

Station 417, 18 mars 1904; 71° 22' lat. S., 16° 34' long. W.
;

profondeur,

1410 brasses.

J'ai inscrit, en 1901, cette Eponge dans le genre Lissodendoryx a cause de ses

styles lisses.

Depuis, LuNDBECK a montre (7, p. 153) qu'il serait plus naturel de reserver le genre

Lissodendoryx aux Eponges voisines des Myxilla qui possedent des isocheles au lieu

d'isancres ; dans les deux genres ainsi compris, il existe des especes a styles lisses et

d'autres a acanthostyles.

La maniere de voir de Lundbeck me parait dautant plus acceptable que les styles

generalement lisses de certaines formes de Lissodendoryx, au sens primitif, peuvent a

I'occasion s'orner de quelques epines. L'Eponge en question en ofFre pr^cisement

des exemples.

II faut done la rapporter au genre Myxilla, a cause de ses microscleres, qui sont des

isancres. Mais je la tiens pour une bonne variete de M. spongiosa ou les sigmates font

d^faut. Je I'ai rencontree, en effet, dans les collections de la Belgica, du Frangais et

de la Scotia, recueillie par des profondeurs tres differentes et en des points bien eloignes

les uns des autres. J'y constate des variations, mais je n'y decouvre pas la moindre

trace de sigmates. D'autre part, Kirkpatrick (3, p. 28) a revu des specimens de

Myxilla spongiosa Rdl. et D. ; il a observe des sigmates chez tous, quoique en

proportion variable ; il ne dit pas que ces spicules s'y soient trouves tres rares.

La ressemblance des megascleres de deux sortes et des isancres de Myxilla spongiosa

et de ceux de ce que j'appelle M. spongiosa asigmata est vraiment trop grande pour

qu'on puisse regarder cette derniere comme une espece distincte.

II s'agit evidemment d'une Eponge polymorphs Le specimen qu'en a recueilli la

Scotia est gris fonce, dresse, comme pedicelle. Son support manque. Sa surface,

irreguliere, se couvre d'un ectosome membraneux tres mince au travers duquel se voient

par transparence de larges orifices, separes par detroites bandes de substance, dont

I'ensemble dessine un reseau. L'ectosome est tendu aussi, sur la face qui a ete

photographiee, au-dessus de longs canaux exhalants superficiels.

Spiculation.—I. Megascleres : 1. Tylotes ectosomiques droits, un peu fusiformes,

a bouts un peu renfles et termines par un faisceau de courtes pointes paralleles, a

I'imitation de ceux de Lophon unicornis ; ils mesurent 0'375 mm. a 0'4 mm. de

longueur sur 001 mm. d'epaisseur. 2. Styles choanosomiques robustes, courbes, a

pointe breve, longs de 0-87 mm. a 0*9 mm., 6pais de 0*026 mm. a 0-028 mm.
II. Microscleres : 3. Lsancres abondantes, longues de 0'063 mm. a 0*075 mm.
Si Ton compare les dimensions de ces spicules a celles relevees sur les specimens de
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la Belgica et du Frangais et aussi a celles des spicules de Myxilla spongiosa, on n'y

releve que des differences peu sensibles. Les tylotes sont exactement de la taille de

ceux de Myxilla spongiosa du Challenger. Les styles sont ici un peu plus grands que

partout ailleurs mais leur grosseur etait souvent atteinte dans le specimen du Frangais;

tout I'interet en ce qui les concerne se borne a ce que leur base est quelquefois orn^e

d epines a peine distinctes et strictement localisees en son plateau. Les isancres sont

grandes a peu pres comme celles du specimen de la Belgica ; le nombre de leurs dents

reste le plus generalement de trois a chaque bout, mais frequemment il s eleve a quatre

et parfois meme a cinq ; cette variation interessante coincide avec une disparition

absolue des renflements superieur et inf6rieur de la tige, qui se montraient cependant

avec tant de nettete sur les microscleres de ce meme specimen de la Belgica et qui

constituaient une ressemblance si intime avec les isancres de Myxilla spongiosa.

En revanche, la tige de ces microscleres, courbee, est ici epaisse de 0"006 mm. a

0*008 mm., alors quelle etait plutot grele et plus droite sur ceux du specimen du

Frangais.

Lissodendoryx huchanani, n. sp. (PI. L fig. 5 et PL VL fig. 7.)

Station 346, l"decembre 1903, Banc de Burdwood, 54° 25' lat. S., 57° 32' long. W.;

profondeur, 56 brasses,

Un specimen.

L'espece est curieuse a la fois par sa forme et par sa spiculation, aussi me fais-je un

plaisir de la dedier a M. Buchanan, qui s'est tant interesse a I'expedition de la Scotia.

Le specimen, obtenu sans son support, se compose de cinq troncs dresses qui se

ramifient irregulierement a plusieurs degres et contractent quelques anastomoses entre

eux par leurs rameaux. II est tout blanc dans I'alcool. De consistance ferme, il a

une surface lisse, sans orifices distincts.

La charpente choanosoraique est faite de bandes spiculo-fibreuses ascendantes,

polyspiculees, oil la spongine existe en bonne proportion ; des spicules solitaires se

repandent sans ordre dans leurs intervalles. Le squelette de I'ectosome consiste en des

bouquets dresses, equidistants, de spicules propres.

La structure est certainement un peu speciale, mais elle est en rapport avec la forme

generale du corps ; elle n'empeclie pas de rapporter l'espece au genre Lissodendoryx,

car il est admissible que la structure des Lissodendoryx presente les memes variations que

celle des Myxilla. Ce qui ferait hesiter a placer notre Epoiige parmi les Lissodendoryx

plutot que parmi les Dendoricella Lundbeck, c'est I'aspect diactinal de ses megascleres

choanosomiques, mais je me crois fonde a les prendre pour des spicules monactinaux.

Spiculation.—L Megascleres: 1. Tornotes ectosomiques, droits, a pointes acerees

;

un de leurs bouts est assez souvent un peu plus epais que I'autre, mais sans la moindre

trace d'ornementation. Leurs dimensions varient entre 0'415 ram. et 0'46 ram. de

longueur sur 0"008 mm. a 0*01 mm. d'epaisseur. Les bouquets qu'ils forment, distants

les uns des autres d'environ 015 mm., en comprennent une trentaine et s'epanouissent
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legerement du c6te distal ; leurs pointes ne depassent pas ou depassent a peine la

surface generale du corps. 2. Pseudoxes choanosomiques (PL VI. fig. 7a), pas plus

gros que les tornotes de J'ectosome mais plus longs qu'eux (0"48 mm. a 0"55 mm.),

reconnaissables en outre a ce qu'ils sont toujours courbes ou meme flexueux et a ce

que leurs extremites sont dissemblables ; I'une d'elles reste simple, assez breve, souvent

preced^e a distance d'une inflexion plus ou moins marquee de la tige ; I'autre obtuse,

s'orne assez loin de sa terminaison d'une epine courte ou de plusieurs, parfois disposees

comme en un verticille ; les epines se placent frequemment aussi tout au bout de la

tige et, par leur ensemble, forment une tete noueuse. Cette ornementation, variable

mais constante, semble indiquer que les spicules en question sont reellement des

megascleres monactinaux, des acanthostyles deguises ; cela est d'autant moins douteux

que leur courbure principale s'etablit g6neralement au niveau de leur tiers le plus

rapproche de ce qui doit representer leur base,

11. Microscleres : 3. Isocheles (PI. VI. fig. 76), arques, abondants, longs de

0"033 mm. a 0'037 mm., a tige epaisse de 0*0045 mm.

lophon pluricornis, Topsent. (PL VI. fig. 9.)

1908. lophon pluricornis, Topsent (28, p. 29).

Station 325, avril 1903 et juin-juillet 1903, Scotia Bay, 60° 43' 42" lat. S.,

44° 38' 33" long. W.
;
profondeur, 9 a 10 brasses.

Deux specimens.

Ce sont deux Eponges amorphes, enlagant des Algues et des Bryozoaires. L'une

d'elles, prise d'abord, plus petite, se fait remarquer par sa teinte assez claire, I'autre

etant, comme les specimens du Frangais, d'un brun noiratre.

L'espece est bien reconnaissable a sa spiculation. Ses acanthostyles ont habituelle-

ment un certain nombre d'epines a leur base
;
quand ils n'en portent qu'une, elle ne se

developpe pas autant que I'epine unique de I. unicornis ou de /. jiabello-digitatus ; il

pent s'en trouver, au moins dans certains specimens, comme le second provenant de

Scotia Bay, qui n'en portent pas du tout et presentent alors une base reguliere de styles,

Les tylotes, courbes, fusiformes, ont des tetes bien renflees, ornees d'epines qui, generale-

ment, se distribuent sur elles loin en arriere de leur sommet ou meme couvrent toute

leur surface (PL VI. fig. 96), de sorte que, des deux dispositions possibles que j'ai

decrites (28), la seconde est reellement typique ; cela est encore un bon caractere pour

distinguer /. pluricornis des autres lophon de I'Antarctique. Les anisocheles sont de

taille inegale et atteignent 0'033 mm.; Lenroulement des plus petits, que j'ai note

precedemment, parait etre exceptionnel et sans interet. Ce qui est plus important, c'est

la forme des bipocilles (PL VI. fig. 9a), qui ont les extremites en cuilleron, paralleles,

tridentees, et ne ressemblent par consequent pas aux microscleres correspondants de

lophon Jlahello-digitatus ; ces bipocilles sont abondants dans tous les specimens que

j'ai examines.
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lophon unicornis, Topsent. (PL HI. fig. 9.)

1908. loplion imicornis, Topsent (28, p. 27).

Station 325, mai, juin, juillet et ao^it 1903, Scotia Hay, 60' 43' A2" lat. S.,

44° 38' 33" long. W.
;
profondeur, 9 a 10 brasses.

Plusieurs specimens, massifs, amorphes, a surface irreguliere, entremeles d'Algues.

Les acantliostyles possedent constamment I'e^pine unique, puissante, droite ou un

peu tordue, apicale ou oblique, qui vaut son nom a I'espece. Les epines des tylotes se

localisent sur une sorte de plateau terminal retreci, de sorte que les extr^mit^s de ces

spicules ressemblent un peu a des bourses aux bords fronces ; les deux extremites d'un

meme tylote sont souvent un peu inegales mais elles ne sont pas a proprement parler

dissemblables. Les anisoclieles, extremement nombreux, sont de taille assez uniforme

(autour de 0"02 mm. de longueur). Je n'ai, en revanche, pas pu decouvrir de

bipocilles.

Comme on doit s'y attendre, il se produit des variations individuelles dans les

dimensions des megascleres ; ainsi, les tylotes de I'un des specimens recueillis en mai

1903 atteignent couramment 0'36 mm. de longueur sur 0*012 mm. d'epaisseur.

lophon spatulatus, Kirkpatrick.

1908. lophon spatulatus, Kirkpatrick (3, p. 29).

Station 325, a;vril 1903, Scotia Bay; profondeur, 9 a 10 brasses.

Je rapporte a cette espece quelques fragments de forme rameuse, a branches cylin-

dracees, translucides, de couleur simplement ambree. Mais je ne considere pas ma

determination comme certaine parce que je n'ai pas reussi a voir de bipocilles. Ces

microscleres, qui, outre les caracteres exterieurs, doivent permettre de distinguer de

mon lophon unicornis I'espece decrite peu de temps apres par Kirkpatrick sous le nom

de /. spatulatus, sont, d'ailleurs, declares rares par cet auteur. Cela rend difficile a

reconnaitre /. spatulatus, qui pourrait, a tout prendre, n'etre pas davantage qu'une

vari6t6 de I. unicornis.

lophon jiabello-digitatus, Kirkpatrick. (PI. IIL fig 7 et 8.)

1908. Iop}io7i flabello-digitatus, Kirkpatrick (3, p. 30).

Station 325, mai, juin, juillet et aout 1903, Scotia Bay, 60° 43' 42" lat. S.,

44° 38' 33" long. W.
; profondeur, 9 a 10 brasses.

Plusieurs specimens.

Au lieu de ressembler aux specimens de la Discovery d'apres lesquels I'espece a et6

nommee, ceux de la Scotia sont amorphes et ne se di.stinguent pas exterieurement des

lophon unicornis avec lesquels ils ont ete recueillis. Leur coloration, ordinairement

fonc^e, varie d'un individu a I'autre, et il s'en trouve un aussi pale que les fragments
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que j'ai rapportes a lophon spatulatus. II existe done, ehez cette espece eomme ehez

beaucoup de Poecilosclerides, un polymorphisme tres accuse.

Les acanthostyles rappellent a s'y meprendre ceux de lophon unicornis ; les

dimensions indiquees de part et d'autre ne constituent pas une difference reelle entre

eux; je leur ai trouve, par exeraple, 0-6 mm. sur 0-015 mm. ehez un /, Jiahello-

digitatus et 0-415 mm. a 0-43 mm. sur 0-U2 mm. ehez un autre, tandis que ceux d'un

/. unicornis me donnaient 0-525 mm. sur 0-018 mm.

11 se produit des variations individuelles serablables dans la taille des tylotes. Ces

megascleres ectosomiques, tels que les a vus Kirkpatrick, offrent une particularite qui,

dans une certaine mesure, peut guider la determination : leurs tetes ne portent

d epines qu'en leur sommet, a la fayon de celles des tylotes d'lophon unicornis ; seule-

ment, I'une de ces tetes, plus etroite que I'autre, degage du centre de sa couronne

d epines un fort mucron. Or, ce caractere manque de fixite : present sur tons les

tylotes de certains specimens, il s'eff'ace sur une partie des memes spicules de certains

autres et, ehez d'autres encore, fait totalement defaut ; les tylotes ressemblent alors

beaucoup a ceux de lophon unicornis.

Des microscleres, ce sont ces bipocilles que Kirkpatrick a dit spatules, qui sont le

plus caracteristiques
;

je les ai trouves nombreux partout et c'est a eux, quand, en

meme temps, les tylotes etaient mucrones a un bout, que j'ai d'abord reconnu I'espece.

Les grands anisocheles doivent etre rares car je n'en ai pas vu ; les autres ont la plus

grande ressemblance avec ceux de /. unicornis.

Tedania murdochi, n. sp. (PI. V. fig. 5.)

Station 118, V^ fevrier 1904, Stanley, lies Falklands
;

profondeur, 6 brasses.

Un magnifique sp6cimen, debout sur une coquille, dans la position ou on le voit

figure. C'est une Eponge gris-jaunatre, peu fragile, a peine compressible, haute de

12-5 centimetres, large de 6 a 7 centimetres. Une perforation verticale, visible sur la

photographic, vers la gauche et un peu au-dessous du milieu de la hauteur, un rameau

qui se dirige en avant, a droite en haut, une lame qui fuit en arriere, au bord droit du

specimen, un lobe rampant du meme cote, en bas, le long du support, tout cela indique

que cette Eponge est de nature rameuse, mais que ses rameaux, epais, se trouvent ici

en majeure partie concrescents ; ils forment ainsi une lame dressee, pliee le long d'une

Crete verticale, du sommet de laquelle se detache le rameau precite. Son epaisseur

moyenne est, comme celle de ses lobes, d'environ 15 mm.

La surface est unie et d'aspect grenu, parce que les pores, excessivement nombreux,

sont de fines perforations de I'ectosome, autour de chacune desquelles se dresse une

hale de spicules. Au cote gauche de la figure, I'ectosome est comme use, ce qui permet

de voir la section de beaucoup de canaux inhalants. Des oscules beants, larges de

2 a 4 millimetres, surelev6s, a margelle non membraneuse, la parsement, situes pour la

plupart le long des cretes ou de ce qui correspond au bord superieur des rameaux. La
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chair n'est pas caverneuse. Le squelette, dans le choanosome, forrne un reseau dense

a mailles etroites, renforce par de la spongine
;

plusieurs styles de front entrent

generalement dans sa trame et ses noeuds ne sont pas distants de la longueur d'un

spicule. Dans I'ectosome, une bonne partie des megascleres qui lui sont propres se

dressent par faisceaux autour des pores. II s'y mele beaucoup de microscleres, orient6s

comme eux, mais ces fins spicules se rencontrent aussi en abondance dans le choanosome,

sans ordre et solitaires.

Les spicules presents sont de meme type que ceux de la plupart des Tedania

connues des mers du Sud : des styles a pointe courte et des tornotes, comme

megascleres, et, pour microscleres, de ces organites caracteristiques qu'on appelle

couramment des raphides, mais qu'il me parait preferable de designer d'un nom

particulier, car ils sont, en realite, autre chose que de simples raphides, Toujours

epineux, d'apres Lundbeck (8, p. 5), a epines apprimees, ils ont deux bouts dis-

semblables ; I'un commence en pointe fine et I'autre se termine brusquement ; les Opines

qui les couvrent sont recurvees vers la pointe brusque ; au niveau de cette derniere, il

y en a un bouquet dont se d^tache I'une, qui devient plus longue que les autres.

Souvent un nodule s'observe a une petite distance de cette extremite abregee
; je I'ai

considere comme un centrum dont la situation indiquerait I'atrophie partielle d'une des

moities du spicule, mais il est a remarquer qu'au dela de cette nodosite, les epines con-

servent la direction qu'elles ont en dega d'elle. Ces spicules ne sont pas sans une

certaine ressemblance avec les uncinetes des Hexactinellides, et je propose de les appeler

des onychetes.

Spiculation.—I. Megascleres : 1. Styles du choanosome, lisses, a pointe courte, a

base un peu courbee, longs de 0*225 mm. a 0"25 mm., epais de 0"007 mm. a 0*01 mm.

2. Tornotes a pointes courtes, ovales, puis brusquement mucronees, comme ceux de

T. charcoti ou de T. mucosa ; ils mesurent environ 0'2 mm. a 0"24 mm. sur 0"0045 mm.

a 0"006 mm.

IL Microscleres : 3. Onychetes de taille inegale, depuis 0'04 mm. jusqua 0*175 mm.

Les plus petites sont greles avec une nodosit6 voisine de leur bout tronque ; celles qui

ont 0*11 mm. de longueur sont les plus epaisses et mesurent 0*0015 mm. vers leur

milieu
;
quant aux plus longues, elles ne depassent guere 0*0012 mm. d'epaisseur et, a

partir de 0*14 mm., elles n'ont generalement plus de nodosity distincte. Elles se laissent

assez bien repartir en trois groupes, les courtes et fines, les moyennes et grosses et les

longues et minces.

Tedania charcoti, Topsent. (PI. V. fig. 3 et 7.)

ly08. Tedania charcoti, Topsent (28, p. 30).

Station 346, P"" d^cembre 1903, Banc de Burdwood, 54° 25' lat. S., 57° 32' long. W.

;

prolbndeur, 56 brasses.

La Scotia a recueilli de cette espece plusieurs specimens qui nous la font connaitre

oomme susceptible de varier dans une assez large mesure.

1



SPONGIAIRES DE L'EXPEDITION ANTARCTIQUE RATIONALE ECOSSAISE. 631

A. Un specimen massif, volumineux (PL V. fig. 7), incomplet, d'ailleurs, sans

support et n'ayant sa surface intacte que sur une aire restreinte de 5 centimetres de

longueur sur 2 '5 centimetres de largeur. La se retrouvent les caracteres exterieurs de

I'Eponge du Frangais que j'ai photographiee (28, pi. i. fig. 3), larges oscules a bords

membraneux, nervures saillantes a anastomoses frequentes. La coloration dans I'alcool

est gris-jaunatre uniforme.

r^a spiculation est calquee sur celle des T. charcoti de I'lle Booth-Wandel et n'en

diff"ere que par la taille de certains de ses elements. Les styles lisses, doucement

courbes vers la base, a pointe courte et epaisse, mesurent 0*58 mm. a 0*625 mm. de

longueur sur 0'015 mm. a 0'02 mm. de largeur. Les tornotes, legerement courbes vers

I'un des bouts, qui est un tant soit peu plus renfle que I'autre, ont 0*425 mm, a 0*47 mm.

sur 0*008 mm. a 0*01 mm. Les petites onychetes ont les dimensions habituelles, mais

leur nodosite est rarement marquee. Quant aux grandes onychetes, autrement pareilles

a celles que j'ai decrites de T. charcoti, elles ont plus du double de leur longueur

(0*56 mm. a 0*6 mm.) avec une epaisseur proportionDelle (0*003 mm. a 0*004 mm.).

B. Un fragment, long de 55 millimetres, large de 30 millimetres, epais de 5 a

18 millimetres, a surface irreguliere, grisatre comme le precedent, plus clair cependant

sur la cassure.

Ses styles ont les dimensions de ceux des T. charcoti typiques, soit environ

0*415 mm. sur 0*013 mm. Ses tornotes sont a peu pres aussi longs que les leurs

(0*3 mm. a 0*325 mm.) mais plus minces (0*006 mm.). Ses grandes onychetes, de

meme forme, sont un peu plus grandes et mesurent 0*39 mm. a 0*425 mm. de longueur

sur 003 mm. d'epaisseur, soit beaucoup tnoins que les onychetes correspondantes du

specimen precedent. Ses autres onychetes, par contre, restent notablement plus courtes

(0*06 mm. a 0*07 mm.) et frappent surtout par leur gracilit6, leur tige devenant

progressivement lineaire a partir de leur base, qui atteint a peine 0*001 mm. d'6paisseur
;

leur minceur ne les empeche pas de paraitre rugueuses et de presenter une petite

nodosite, situee comme de coutume.

C. Un specimen assez gros, massif, tout blanc. II devait, comme le montre sa face

inferieure presque intacte (PI. V. fig. 3), n'adherer que faiblement a un support convert

de plaques de Bryozoaires, dont elle a conserve I'empreinte. A la face superieure, des

nervures en relief forment par leurs entrecroisements r^petes de faibles elevures ou des

cretes basses.

Les styles ont 0*4 mm. a 0*425 mm. sur 0*011 mm. a 0*012 mm. ; les tornotes, 0*32

mm. sur 0*005 mm. a 0*007 mm.; les grandes onychetes, 0*18 mm. a 0*2 mm. sur 0*003

mm.; les petites onychetes, 0*06 mm. a 0*07 mm. sur 0*001 mm. a la base, avec une tige

lineaire. Ces dernieres ressemblent tout-a-fait a celles du specimen B ; les grandes

onychetes sont un peu plus courtes mais^lus epaisses que celles du type.

D. Un quatrieme et dernier specimen, fragment assez gros, blanchatre, se rapproche

le plus par sa spiculation du specimen B ; ses grandes onychetes mesurent de 0*32 mm.
a 0*4 mm. sur 0025 mm.
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Sous-famille Myceding.

Mycale magellanica, (Ridley). (PI. IV. fig. 4 et PI. VI. fig. 10.)

1881. Espevia mayelkmica, Ridley (9. p. 117).

Station 34G, V d^cembre 1903, Banc de Burdwood, 54° 25'lat. S., 57° 32' long. W.
;

profondeur, 56 brasses.

Quatre specimens, dont deux en assez bon etat pour presenter nettement les carac-

teres exterieurs de I'espece, tous deux dresses, bosseles, a surface reticulee, et creuses

d'une cavite cloacale lisse qui s'ouvre en leur sommet par un large orifice. Les deux

autres ne sont que des fragments.

L'un des specimens et I'un des fragments sont blancs dans I'alcool ; le reste est brun.

Dans les deux cas, il existe d'abondantes cellules spheruleuses qui, lorsqu'elles sont

arrondies, atteignent 0'02 mm. de diametre, et dont les spherules brillantes mesurent

de 0"002 mm. a 0'003 mm.; mais celles des individus incolores sont jaune p^le, tandis

que celles des individus fonces sont d'un brun noiratre.

Les megascleres, suhtylostyles a tete un peu plus longue, ont ici de 0'32 mm. a 0'57

mm. de longueur et de 0'012 mm. a 0'016 mm. d'epaisseur.

Les anisocheles se repartissent assez bien en deux categories, les uns mesurant de

0*04 mm. a 0'045 mm. et les autres de 0'027 mm. a 0"032 mm. de longueur. Con-

trairement a ce qu'ont note Ridley (9), puis Thiele (20, p. 442), ici les trichodragmates

existent en abondance. Les raphides. fusiformes, varient entre 0"02 mm. et 0'05 mm.

de longueur.

Aucun auteur n'a fait mention d'une troisieme sorte de microscleres dont j'ai constate

I'existence dans tous les specimens de la Scotia
;
je veux parler de sigmates lineaires,

droits ou legerement tordus a un bout, jamais recurves (PI. VI. fig. 10) ; leur tige,

doucement courbee, d'ordinaire, est quelquefois rectiligne comme celle des anisocheles

greles, avec lesquels il est, d'ailleurs, impossible de les confondre ; ils mesurent de 0"035

mm. a 0"05 mm. d'envergure. J'ai trouve, en outre, epars, d'autres sigmates, de taille

et de formes diverses, mais ils proviennent sans doute de I'espece suivante de Mycale,

qui en est excessivement riche et dont les specimens ont voyage meles a ceux de

M, magellanica. N'ayant vu, au contraire, que chez M. magellanica les sigmates

greles en question, je suppose qu'ils lui appartiennent bien en propre. S'ils sont con-

stants, leur gracilite expliquerait qu'ils aient pu passer inaper9us.

Mycale acerata, Kirkpatrick. (PL V. fig. 6 et PL VI. fig. 8.)

1908. Mi/cale acerata, Kirkpatrick (3, p. 36).

Station 325, maietjuin-juillet 1903, Scotia Bay,60° 43'42"lat. S., 44° 3 8' 3 3" long. W.;

profondeur, 9 a 10 brasses. »

Deux fragments assez gros, mais en mauvais 6tat et presque entierement depouill^s

de leur ectosome. lis ont une teinte brun clair qui parait due surtout a des cellules

sph6ruleuses de 0"012 mm. de diametre, a spherules petites.
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Les megascleres sout remarquables par leur base modifiee en un mucron, qui rappelle

un peu Fepine unique de lophon unicornis mais qui reste droit et se place exactement

dans le prolongement de I'axe (PL VI. fig. 8). lis mesurent 075 mm. a 0'8 mm. de

longueur sur O'OIS mm. a 0'023 mm. d'epaisseur.

Outre les anisocheles de O'l mm. et de 0*047 mm, a 0*057 mm., il y en a davantage

de 0'03 ram. seulement de longueur dans les deux specimens de la Scotia.

Les raphides, fascicules, n'ont pas une longueur constante mais varient entre 0'05

ram. et 0'14 mm.

Mycale pellita, n. sp. (PL V. fig. 2.)

Station 346, l^' decembre 1903, Banc de Burdwood, 54° 25' lat. S., 57° 32' long. W.;

profondeur, 56 brasses.

L'espece est represent6e par cinq fragments informes, dont I'un, massif, atteint

presque la grosseur du poing. lis n'ont plus ni base ni surface
;

pourtant, de grands

larabeaux d'ectosome encore en place sur deux d'entre eux, indiquent que I'Eponge se

revet d'une peau spiculeuse, lisse, unie, mince mais comme parcheminee. Le choanosome,

ailleurs a nu, a une charpente de fibres tres apparentes ; elles sont solides et constituent

un r^seau a mailles larges et irregulieres ; elles sont grosses (il en est qui mesurent 1 mm.

de diametre), aussi tranchent-elles sur la chair par leur aspect blanc et brillant ; elles

diminuent de diametre aux approches de la surface, mais celles qui supportent I'ectosome

sont encore polyspiculees. La chair, toute blanche chez deux des specimens, est d'un

brun plus ou moins fonce chez les autres.

Spiculation.—L Megascleres : 1. Styles droits ou peu courbes, legerement fusi-

formes, a pointe tres breve, parfois meme atrophiee, de telle sorte que le style se trans-

forme en strongyle ; taille ordinaire, 0"45 mm. a 0'5 mm. de longueur sur 0*012 a

0*014 mm. de diametre.

IL Microscleres. 2. Anisocheles palmes, nombreux, en rosettes et solitaires, longs

de 0*07 mm., larges de 0*023 mm. ; leur dent superieure, un peu plus courte (0*035

mm.) que les ailes (0*037 mm.), est large des son point d'attache et a son bord libre

droit ou legerement echancre ; leur dent inferieure (la petite dent) a son bord

libre large et droit. 3. Anisocheles palmes plus petits et epars, longs de 0*04 mm.,

larges de 0*014 mm., a tige etroite, a dent superieure ovale, un peu plus longue

(0*023 mm.) que les ailes (0*021 mm.), a dent inferieure portant un tout petit mucron

au milieu de son bord libre. 4. Sigmates tres abondants, tordus a un bout ou

contournes en S, longs de 0*15 mm. a 0*16 mm., epais de 0*05 mm. a 0*07 mm.

5. Sigmates nombreux aussi, tordus a un bout ou contournes en S, longs de 0*038 mm
a 0*052 mm., epais de 0*002 mm.

Une peau lisse, mince et ferme, oil les styles se serrent tangentiellement, s'y

croisant en tous sens ou souvent y formant de larges faisceaux, des fibres choano-

somiques robustes, des microscleres tres abondants, anisocheles et sigmates, dont on
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peut si nettement distinguer deux categories, tout cela caracterise suffisamment la

Mycale nouvelle, de forme probablement massive.

Elle est voisine d'une Mycale sp. de I'Antarctique, signalee par Kirkpatrick

(3, p. 37), mais qui, possedant des microscleres encore plus grands, n'a, en revanche,

pas deux tailles de sigmates. Je lui trouve aussi une certaine ressemblance avec

Mycale porosa Eidley et Dendy (11), de Port Jackson, mais on ne connait pas la

nature de I'ectosome de celle-ci et ses deux sortes de microscleres sont decrites chacune

comme d'une seule catea;orie.

Cladorhiza thomsoni, Topsent. (PI. lY. fig. 6.)

1909. Cladorhiza thomsoni, Topsent (29, p. 15).

Station 468, 39° 48' lat. S., 2° 33' long. E.
;
profondeur 2770 brasses.

C'est en achevant son second voyage que la Scotia recueillit cette Eponge. Elle

fut envoyee par megarde avec la collection d'Alcyonaires a M. le professeur J. Arthur

Thomson, qui reconnut en elle une Monaxonide, en piteux etat mais assez curieuse

pour faire de sa part I'objet d'une courte notice (21).

Elle se compose de deux fragments inegaux, qu'une section tres nette limite tous

deux par en bas, I'un court et gros, mesurant 9 centimetres de longueur et 7 '5 mm.

de plus grand diametre, I'autre plutot grele, long de 17 centimetres, epais de moins

de 4 mm. a sa partie inf^rieure, puis progressivement aminci vers le haut. lis

apparaissent bien comme des portions d'une meme tige mais ils ne sont pas directement

superposables ; la difference de grosseur entre le soramet du fragment epais et la base

du fragment grele prouve qu'il manque entre eux une portion probablement assez

longue de tige.

Ambres, vitreux et lisses dans I'alcool, ils deviennent, a sec, blancs, opaques et

d'aspect fibreux, a cause de leurs spicules disposes tous en long. Le plus gros est

rigide, le plus grele un pen flexible. Ils portent, implantes suivant plusieurs lignes

spirales. qui, de temps en temps, se confondent, des epines relevees vers le haut,

toutes incompletes, vestiges sans doute d'autant de rameaux brises tres pres de leur

origine. Ce que furent ces rameaux, je ne saurais le dire ; mais je releve a leur propos

la phrase suivante de la description de Thomson :
" One of the branches is long, and

bifurcates at a distance of 7 cms. from the stem, being continued in two slender

divisions (one with a secondary twig) for about 4 cms." Rien de semblable n'existait

plus sur I'un ni sur I'autre des fragments qui m'ont ete remis.

Au premier abord, ces fragments me parurent absolument decharnes et je m'attendais

a n'y plus trouver, comme Thomson, que des megascleres. Cependant, me doutant

bien qu'il s'agissait non pas d'une Axinellide mais d'une Cladorhiza ou d'une Chondro-

cladia, je me mis en devoir d'en racier la surface, surtout a I'aisselle des epines, avec

I'espoir d'y trouver quelques microscleres encore accroch^s aux styles superficiels.

J'y r^ussis et j'eus meme la chance de detacher un assez grand lambeau de chair a m^me
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lequel je fis plusieurs preparations sans le sacrifier tout en tier : j'avais affaire a une

Cladorhiza, et mieux, dans ce genre, a une espece nouvelle, dont j'ai fait hommage a

M. le professeur J. A. Thomson, qui s'y est interesse le premier.

Spiculation.— 1. Megascleres. Ce sont tous des styles. Le tronc est solide surtout

a cause de leur abondance et de la spongine qui les cimente, car ils n'atteignent guere

plus de 1 millimetre de longueur, lis s'y disposent, comme Thomson I'a remarque,

en plusieurs bandes concentriques rappelant sur la coupe les zones d'accroissement du

bois dans un tronc d'arbre. lis s'y placent parallelement entre eux, suivant le grand

axe de I'organe mais sans donner a leur pointe une direction constante.

lis sont droits, un peu fusiformes, 6pais de 0"028 mm. en leur centre; leur pointe

est breve, obtuse ; leur base, au contraire, longuement amincie, se termine sans

renflement et ne mesure que 0'013 mm. a 0*018 mm. de diametre.

Dans la chair, les styles decroissent de taille jusqu'a n'avoir plus que 0"5 mm. de

longueur sur 0'015 mm., quelquefois moins, de largeur au milieu et que 0'012 mm. a

0"007 ram. de base.

Tndependamment de ces spicules, qui se trouvent en immense majorite et qui,

quelles que soient leurs dimensions, appartiennent manifestement au meme type que

ceux du tronc, il en existe d'autres qu'on serait tente de considerer comme formant

une categoric de styles a part, tant ils sont greles et tant leur pointe s'effile ; celle-ci

se montre meme souvent fiexueuse. Pour une longueur de 0*64 mm. a 0"88 mm., ils

n'ont que 0*005 mm. de largeur au milieu et seulement 0*002 mm. au niveau de la base.

Un role special leur est peut-etre devolu, mais je I'ignore car leur distribution dans

I'Eponge m'echappe.

II. Microscleres. Les anisancres unguiferes, comme d'habitude excessivement

abondantes, ont leur tige ailee seulement sur un tiers de sa longueur et portent cinq

dents a chaque extremite. Elles sont longues de 0*031 mm. a 0*034 mm.; leur gros

bout, vu du face, est large de 0*011 mm. ; leur tige, au-dessous de sa portion ailee,

mesure 0*004 mm. d'epaisseur.

De grands sigmates, longs de 0*15 mm. environ, epais de 0*008 mm., parsement

la chair en assez grand nombre ; leurs bouts, non tranchants, se recourbent generale-

ment dans un meme plan
;
je n'en ai pu trouver qu'un seul qui fiit tordu ; leur tige,

fortement convexe, presente, surtout dans sa portion mediane, une voussure tres

accentuee.

Quelques microscleres a peu pres de meme longueur mais plus etroits (0*005 mm.)

et minces, a bouts pointus et peu recourbes, contenant de I'air dans leur axe, repre-

sentent soit des ancistres incomplets, soit des sigmates mal conformes de la categoric

precedente.

En outre, il y a des sigmates petits, a peu pres en meme quantite que les grands,

mais plus difficiles a trouver en raison de leur taille. lis mesurent 0*05 mm. de

longueur et se montrent tantot droits et tantot tordus sur leur axe. Leur convexity

est reguliere et leur concavite me parait sans encoche.
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Je n'ai pas pu reconnaitre avec certitude des sigmancistres et je n'ose attacher

d'importance a deux grands ancistres (?) qui m'ont sembM crochus seulement a un bout,

redress(5s, au contraire, a I'autre, dans le prolongement de leur axe, en forme de point

d'interrogation, mais qui, iiitriques parmi d'autres spicules, se pretaient tres mal a

I'observation et n'ctaient peut-etre pas du tout tels que je me le figure.

Homoeodictya verrucosa, n. sp. (PL V. fig. 1 et PI. Vl. fig. 13.)

Station 346, V' decembre 1903, Banc de Burdwood, 54° 25' lat. S., 57° 32' long. W.;

profondeur, 56 brasses.

Un specimen.

Cette Eponge, qui appartient au genre Homoeodictya au sens de Lundbeck (7, p. 117),

est proclie parente de H. conulosa (Rdl. et D.), de H. setifera (Tops.) et de //, spini-

gera (Kirkp.), toutes les trois australes, tant par son allure generale que par sa spicula-

tion et, plus particulierement, par ses isocheles palmes.

Le specimen type, par malheur en mauvais etat, a ete arrache de son support,

dechire et en majeure partie depouille de sa peau. II se dressait evidemment en une

grosse colonne cylindro-conique. Son epaisseur est de 5 a 6 centimetres vers le bas et

sa hauteur de 1 1 centimetres environ. Les lambeaux de peau qui lui restent revelent

un caractere qui distingue de ses congeneres precites I'espece a laquelle il appartient

:

les lignes ascendantes qui atteignent I'ectosome le depassent fort peu, sous forme de

verrucosites etroites, de 0'5 mm. a 1 mm. a peine de hauteur. II y a done ici une

membrane superficielle mince, translucide, semee de petites verrucosites. La oil

I'ectosome est enleve, on voit la charpente fibreuse et la chair retractee. Les fibres

sont grosses dans la profondeur et depassent souvent 0'5 mm. de diametre ; les plus

superficielles atteignent encore 0*14 mm. d'epaisseur. Malgre leur force, elles laissent

beaucoup de souplesse au corps parce qu'elles ne se ramifient qu'a d'assez longs inter-

valles et parce qu'elles ne sont pas serrees. L'Eponge est, en eff"et, irrigu^e par de

nombreux canaux de 2 a 3 millimetres de diametre. Elle presente, en outre, en son

sommet, deux orifices de 5 a 7 millimetres, deux oscules, sans doute, dont les conduits

penetrent profondement dans sa masse.

Spicidation.— I. Megascleres : 1. Oxes, doucement courbes, longs de 0*52 mm.,

epais de 0*017 mm. II. Microscleres : 2. Isocheles palmes (PI. VI. fig. 13), longs de

0*027 mm. a 0*037 mm., larges de 0*006 mm., abondants.

Des especes precitees, c'est de H. conulosa (ll, p. 106) que H. verrucosa se rapproche

le plus par la fa9on dont ses fibres se terminent a la surface, mais c'est a celle de

H. spinigera (3, p. 39) que sa spiculation ressemble surtout. Ses oxes, un peu plus

pointus, sont cependant sensiblement plus faibles, et ses cheles, dont la taille oscillc le

plus souvent entre 0*03 mm. a 0*035 mm., peuvent etre de pres d'un tiers plus grands.

Dans les deux especes, les cheles vus de profil montrent une pointe a chaque bout, a

I'union de la dent et des ailes ; mais la dent de ceux de H. verrucosa forme une courbe
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plus prononcee vers la tige avant de rejeter sa pointe au dehors et elle est notablement

plus courte (de 0*003 mm. sur les isocheles les plus grands) que les ailes.

Ces details semblent corroborer I'opinion suggeree par les differences ext6rieures, k

savoir que nous avons affaire a deux especes distinctes.

Homceodictya setifera, Topsent.

1901. Desmacidon setifer, Topsent (26, p. 17).

Station 325, avril 1903, Scotia Bay, 60° 43' 42'' lat. S., 44° 38' 33" long. W.; pro-

fondeur, 9 a 10 brasses.

Fragments meles a des Algues.

Comme ceux de la collection du Frangais, ils ont une hispidation bien moins longue

mais beaucoup plus serree que celle des specimens de la Belgica. L'un d'eux est brun

fonce, rude au toucher, solide ; une tubulure osculaire cylindrique se dresse en son

milieu, haute et large de 7 millimetres, avec un canal exhalant de 3 millimetres de

diametre. Un autre, sans support, est informe, massif, plus clair et plus mou. S'il

s'agit, comme je le pense, toujours de la meme espece, elle est tres polymorphe. Je ne

saisis pas dans la spiculation de caracteres sufiisants pour distinguer plusieurs especes

;

m^gascleres et microscleres ne different que par la taille. Les oxes ont ici 075 ram. a

0'8 mm. de longueur sur 0-023 mm. a 0'026 mm. d'epaisseur ; les isocheles palm^s ont

0*06 mm. a 0'063 mm. de longueur. Les dimensions des spicules sont done sensible-

ment les memes que dans les specimens du Frangais, inferieures a celles des specimens

de la Belgica. Mais partout les oxes ont la meme forme et partout les isocheles palm^s

offrent les memes details de conformation : leurs bouts peuvent etre dissemblables, ce

qui tient sans doute a une 16gere torsion de leur tige, qui presente l'un de face et I'autre

plus ou moins de profil. Le degre de frequence comme aussi le degre d'amplitude de

cette torsion, varient d'un specimen a I'autre ; elle m'a toujours paru tres facile a

constater.

Desmacidon 1 sp. ? (PI. IV. fig. 3.)

Station 346, l^"" decembre 1903, Banc de Burdwood, 54° 25' lat. S., 57° 32' long. W.;

profondeur, 56 brasses.

Un fragment, presque entierement reduit au squelette.

Contrairement a mon espoir de d^couvrir ses microscleres propres dans les lambeaux

membraneux qu'on voit tendus entre les terminaisons de quelques unes des lignes de

sa charpente, je n'y ai trouv^ que des microscleres etrangers, surtout, en abondance,

des anisocheles et des sigmates des Mycale pellita conserv^es dans le meme bocal. II

etait impossible de tirer parti d'un tel debris d'Eponge. Le genre meme en est

douteux. Les megascleres sont des oxes courts et gros (0*26 mm. sur 0"015 mm.),

a pointes breves; ils composent des fibres solides qui peuvent mesurer 0"13 mm.
de diametre.
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Famille Haplosclerid/E.

Gellius arcuarius, ii. sp. (PI. VI. fig. 11.)

Station 325, juin-juillet 1903, Scotia Bay, 60° 43' 42" lat. S., 44° 38' 33" long. W.;

profondeur, 9 a 10 brasses.

Un fragment d'Eponge sans support, informe, long de 20 millimetres, large de 12

millimetres, epais de 3 millimetres, de teinte sombre, verdatre, compact, fragile, a

orifices indistincts, a surface tres finement epineuse, tel est le specimen, a premiere vue

banal, type de cette espece.

Pourtant, il est remarquable, d'abord, par sa coloration, due en majeure partie a

d'abondantes cellules spli6ruleuses spheriques, de 0"017 mm. a 0"023 mm. de diametre, a

spli(^.rules nombreuses, puis par sa spiculation composee exclusivement d'oxes et de toxes.

J'ai deja fait connaitre (24, p. 470) un Gellius, G. toxius, ne possedant que des toxes

en fait de microscleres. Thiele, qui I'a retrouve aux Celebes, en a figure les spicules

(18, pi. V. fig. 16). G. arcuarius s'en distingue nettement a la fois par ses oxes, qui ont

les pointes beaucoup plus allongees et qui mesurent 0*35 mm. a 0'4 mm. de longueur

sur 0*012 mm. a 0*015 mm. depaisseur, et par ses toxes, qui sont beaucoup plus ouverts,

relativement plus greles, a bouts a peine r^curv^s, et qui, variant entre 0'07 mm. et

on mm. de longueur sur 0"001 mm. a 0"002 mm. d'epaisseur, atteignent communement

les plus fortes de ces dimensions.

Toxochalina robusta, Ridley. (PL I. fig. 3.)

1884. Toxochalina robusta, Ridley (10, p. 403).

Station 346, 1«"^ decembre 1903, Banc de Burdwood, 54° 25' lat. S., 57° 32' long. W.;

profondeur, 56 brasses.

Cette espece a d'abord ete recueillie par V Alert a Port-Jackson, par la faible pro-

fondeur de a 5 brasses. Ridley et Dendy ont pens6 en avoir retrouve dans les collec-

tions du Challenger (11, p. 50) un jeune specimen, provenant des environs de Baliia,

par 7 a 20 brasses.

La Scotia en a pris deux de belle taille sur le banc de Burdwood, ce qui confirme la

vaste dispersion de I'espece. Leurs caracteres de forme et de structure ne laissent pas

de doute sur I'exactitude de la determination. Les plus beaux de leurs oxes tornotoides

mesurent 0'8 mm. de longueur sur 0"006 mm. de largeur ; ils sont done un peu plus courts

raais plus gros que ceux du type. Leurs toxes atteignent 0"07 mm. de longueur sur

0"002 mm. d'epaisseur.

Petrosia depellens, n. sp.

Station 325, avril-aotit 1903, Scotia Bay, 60° 43' 42" lat. S., 44° 38' 33" long. W.;

profondeur, 9 a 10 brasses.

Cette Eponge, dont il a et(^. recueilli k plusieurs reprises, attaches a des Algues, des

fragments gros comme des noix, pr6sente des caracteres ext6rieurs qui la rendent assez
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facilement reconnaissable. De forme massive, lobee, a surface unie, elle a une coloration

brune plus ou moins foncee. Son ectosome, epais de 0*5 mm., forme une ecorce a

cliarpente r6ticul(^e ; il se detache du choanosome par plaques, avec une facilite telle que

le nom specificjue depellens lui convient fort bien. Get ectosome manque en majeure

partie sur les specimens de la collection, et, la ou il se trouve encore en place, il ne se

perce d'aucun orifice aquifere. Le choanosome mis a nu montre pourtant a sa limite

des orifices nombreux, parfois punctiformes mais pour la plupart assez grands, variant

de 0"5 mm. k \'b mm. de diametre, distants de 0'7 mm. a 1 mm. et irreguliers de

contour.

Le reseau ectosomique est a trame unispiculee assez serree et sans lignes directrices

;

les oxes superficiels depassent souvent la surface sous un angle variable et lui donnent

une fine hispidation, appreciable seulement a la longue.

Le squelette choanosomique est dense, irregulier, fait d'oxes entrecroises en tons

sens, frequemment et sans lien de spongine ; des canaux nombreux et plus larges qu'on

ne s'attend a les voir d'apres leurs orifices, rendent I'Eponge assez caverneuse ; aussi,

quoique compacte entre ses voies iiquiferes, celle-ci est fragile et friable a la fajon de

Petrosia friahilis Topsent (23, p. 69) de I'Atlantique Nord.

II y a, d'ailleurs, une assez grande ressemblance entre ces especes. Mais, ind^pen-

damment de sa couleur, P. depellens se distingue de sa congenere par ses oxes de

dimensions plus fortes : de forme banale, doucement fusiformes, a pointes acerees, ni

longues ni courtes, ces spicules mesurent, en eifet, 0'35 mm. a 0'375 mm. de

longueur et O'OIS mm. a 0"015 mm. d'epaisseur, tant dans I'ectosome que dans

le choanosome.

J'ai constate I'existence de cellules spheruleuses brunes, assez grosses, a spherules

de taille mediocre. Enfin, dans un specimen recueilli au mois d'aoiit, c'est-a-dire en

plein hiver antarcbique, j'ai trouv6 des poches ovariennes bourrees d'oeufs en segmenta-

tion assez avancee, et rappelant celles que j'ai decrites chez Reniera simulans en 1887

(22, p. 103). II ne s'y etait encore developpe qu'un tres petit nombre de larves sur le

point de s'echapper
;
je les ai reconnues a leur forme allongee avec arriere retreci et

saillant ; leur ciliation n etait pas visible et I'alcool avait dissous leur pigment, mais un

faisceau de spicules etait facile a mettre en evidence dans leur partie posterieure.

Reniera cylindrica, n. sp. (PL II. fig. 6.)

Station 325, mai et juin-juillet 1903, Scotia Bay, 60" 43' 42'' lat. S., 44° 38' 33"

long. W.; profondeur, 9 a 10 brasses.

II a 6te recueilli trois specimens de cette Eponge. Les deux premiers, gris clair

dans I'alcool, se dressaient cote a cote, relies I'un a I'autre seulement par des rameaux de

ces Algues dont les entrelacements leur servaient de support. lis sont simples, malgr6

leur hauteur de 57 a 75 millimetres, et subcylindriques avec un diametre d'environ 15

millimetres dans leur tiers superieur, plus ou moins efiiles par le bas, legerement retr^cis



640 EMILE TOPSENT:

vers le haut avant cle s'y terminer par un bord nettement tronque. Ce Lord forme la

marge d'un orifice cloacal circulaire, beant, large de plus de 6 millimetres, dormant

acces dans une cavit6 axiale de meme calibre on pen s'en faut et profonde, car elle

d6passe la moiti6 de la hauteur totale.

La surface du corps, tres finement hispide, se perce de pores punctiformes, nombreux

et tres apparents. Le corps est mou, compressible, fragile meme, d'oii la cassure que la

photographic montre sur chacun des individus en question.

Le troisieme specimen n'est que la partie tubuleuse, haute de 34 millimetres, d'un

individu differant des precedents seulement par sa coloration brunatre.

Le reseau squelettique est faible, lache et souple, car ses spicules, relativement longs,

composent des lignes primaires qui ne comptent pas plus de deux elements de front,

sauf en leur terminaison oii ils s'epanouissent en un pinceau grele, et des lignes

secondaires, horizontales, discontinues, unispiculees. Dans chaque direction, ces lignes

se tiennent en outre distantes les unes des autres d'environ la longueur d'un oxe, souvent

meme davantage. Enfin, elles n'ont en leurs noeuds que des liens faibles de spongine

incolore.

Les corbeilles vibratiles mesurent 0"05 mm. de grand axe. II existe dans tous les

specimens des cellules spheruleuses nombreuses, a spherules petites ; mais ces cellules,

incolores et de O'OOS mm. a O'Ol mm. de diametre dans les individus gris, sont brun

clair et grosses de 0013 mm. dans le fragment brunatre; toute la chair de ce dernier

s'impregne, d'ailleurs, d'un pigment assez fonc6.

Les oxes ont de 0*53 mm. a 06 mm. de longueur, sur 0'017 mm. d'epaisseur au

centre. Ils sont legerement fusiformes, un peu courbes, a pointes brievement ac6rees, ce

qui leur fait souvent comme une sorte de mucron conique.

Reniera dancoi, Topsent.

1901. Reniera dancoi, Topsent (26, p. 12).

Station 325, avril-aout 1903, Scotia Bay, 60° 43' 42" lat. S., 44° 38' 33'' long. W.;

profondeur, 9 a 10 brasses.

Plusieurs petits specimens massifs, blancs, mous, lobes, pourvus d'oscules qui peuvent

avoir jusqu'a 3 millimetres de diametre. lis sont attaches a des Algues ou a des

Bryozoaires.

Les oxes mesurent 0"61 mm. de longueur sur 0"02 mm. d'6paisseur.

Reniera, sp.

Station 325, avril et juin-juillet 1903, Scotia Bay, 60° 43' 42" lat. S., 44° 38' 33"

long. W.; profondeur, 9 a 10 brasses.

II en a etc recueilli cinq ou six fragments que je n'ai pas reussi a determiner et qui

sont trop petits, en trop mauvais etat et trop denues de caracteres marquants pour servir

de types a de nouvelles especes.



SPONGIAIRES DE L'EXPEDITION ANTARCTIQUE NATIONALE ECOSSAISE. 641

INDEX BIBLIOGRAPHIQUE.

(1) BowERBANK, J. S., A Mcmograpli of the British Spongiadss, vol. i.-iv. (Ray Society, London, 1864-

1882).

(2) Gray, J. E., Notes on the Arrangetnent of Sponges, ivith ilie Descriptioii of some new Genera (Proc. Zool.

Sec, London, 1867, p. 492).

(3) KiRKPATRicK, R., Porifera, TetraxoiiiJa (Nat. v^ntarctic Exped., Nat. Hist., vol. iv., 1908).

(4) Lbndenfeld, R. von, Tetraxonia (Das Tierreich, Porifera, 19. Lief., Berlin, 1903).

(5) Die Tetraxonia (Deutsche Tiefsee-Exped., 1898-99, Bd. xi., Jena, 1906).

(6) Tetraxonia (Deutsche Sudpolar-Exped., 1901-03, Ed. ix., Zool., i., Berlin).

(7) LuNDBECK, W., Porifera, part ii., Desmacidonidx (pars) (Danish Ingolf-Exped., vol. vi., Copenhagen,

1905).

(8) Porifera, part iii., DesmacidoniJee (pars) (Danish Ingolf-Exped., vol. vi., Copenhagen, 1910).

(9) Ridley, S. O., Account of the Zoological Collections made during the Survey of H.M.S. ^^ Alert" in the

Straits of Magellan and on the Coast of Patagonia: Spongida (Proc. Zool. Soc. London, 1881,

p. 107).

(10) Spongida : Report on the Zoological Collections made in the Indo-Paeific Ocean diiring the Voyage

of H.M.S. " Alert," 18S1-82, pp. 36G, 582 (British Museum, London, 1884).

(11) Ridley, S. 0., and Dendy, A., Report on tlie Monaxonida collected by H.M.S. " Challenger" during the

years i<§75-7e(" Challenger" Reports, Zoology, vol. xx., Edinburgh, 1887).

(12) ScHULZE, F. E., Report on the Hexactinellida collected by H.M.S. " Challenger" during the years 1873-

76 ("Challenger" Reports, Zoology, vol. xxi., Edinburgh, 1887).

(13) Hexacti7ielliden des IiidiscJien Oceanes, ii. Theil, die /Jexasterophora (Abh. Konigl. Preuss. Akad.

Wiss., Berlin, 1895).

(14) Amerikanische He,Kactinelliden nacli dem Matericde der " Albatross "-Expedition, Jena, 1899.

(15) Hexactinellida (Wiss. Ergebn. Deutschen Tiefsee-Exped. "Valdivia," 1898-99, Bd. iv., Jena,

1904).

(16) and Kirkpatrick, R., Die Hexactinelliden (Deutsche Siidpolar-Exped., 1901-03, Bd. xii., Zool.,

iv., Berlin).

(17) SoLLAS, W. J., Report on the TetractinellidaB collected by H.M.S. " Challenger" during the years 1873-

76 ("Challenger" Reports, Zoology, vol. xxv., Edinburgh, 1888).

(18) Thiele, J., Studien ilber pazijisclie Spongien, ii. Theil (Zoologica, Heft 24, ii., Stuttgart, 1899).

(19) Kieselschiodmme von Ternate, ii., Kiikenthal II. Reise-ergebnisse, Bd. iii. (Abh. Senckenb. naturf.

Ges., Bd. xxv., Heft 4, Frankfurt-a.-M., 1903).

(20) Die Kiesel- und Hornschwdmme der Sammlung Plate (Zool. Jahrbuch, Suppl., Bd. vi. (Fauna

Chilensis, Bd. iii,), Heft 3, Jena, 1905).

(21) Thomson, J. Arthur, and Fiddes, J. D., Note on a rare Sponge from tlie ^'Scotia" Collection (Proc.

Physical Soc, vol. xvi., p. 231, Edinburgh, 1906).

(22) Topsent, E., Contribution a Vetude des Clionides (Arch. Zool. exper. (ser. 2), v. bis, 1887).

(23) Contribution a Vetude des Spongiaires de VAtlantiqiie Nord (Result, campagnes scient. Albert I"',

Prince de Monaco, fasc. ii., Monaco, 1892).

(24) Spongiaires de la bale d'Amboine : Voyage de M. Bedot et C. Pictet dans TArchipel Malais (Revue

Suisse de Zool., vol. iv., fasc. 3, p. 421-487, pi. xviii.-xxi., Geneve, 1897).

(25) Etude monographique des Spongiaires de France, III. Monaxonida (Hadromerina) (Arch. Zool.

exper. (ser. 3), viii., p. 1-332, pi. i.-viii., 1900).

(26) —-Expedition antarctique beige: Result. Voyage du S.Y. "Belgica" en 1897-1898-1899, Zool.,

Spongiaires, Anvers, 1901.

(27) Spongiaires des Azores (Result, campagnes scient. Albert I"", Prince de Monaco, fasc. xxv.,

Monaco, 1904).

(28) Expedition antarctique fran9aise (1903-05) commandee par le Dr Jean Charcot, Spongiaires,

Paris, 1908.



642 EMILE TOPSENT:

(29) ToPSENT, E., Etude sur quelques Cladorhiza et sur Euchelipluma pristinti n.g. et n. sp. (Eull. Inst.

Oceanogr., No. 151, Monaco, P'' sept. 1909).

(30) Les Hexasterophora rectieillies par la "Scotia" dans I'Antarctique (Bull. Inst. Oceanogr., No. 166,

Monaco, 20 avril 1910).

(31) Wilson, H. V., Reports on an Exjdoration off the West Coasts of Mexico, Centred and South Amerp-a,

and off the Galapagos Islands, hij the Steamer "Albatross," during 1891: The Sponges (Memoirs

Mus. Comp. Zool. Harvard, vol. xxx., No. 1, Cambridge, U.S.A., 1904).

EXPLICATION DES PLANCHES.

Planche I.

1 et 2. Acoulocalyx hrucei, Topsent, p. 592. Le specimen type, reduit de moitie, vu des deux cotes.

3. Toxochalina rohusta, Ridley, p. 638. L'un des specimens. Gr. nat.

4. Raspaxilla phalcellina, n. sp., p. 617. Le type. Tres legferement reduit.

5. Lissodendoryx huchanani, n. sp., p. 626. Le type. Gr. nat.

6 et 7. Bathydorus levis, F. E. Schulze, var. ciliatus, Topsent, p. 604. Photographic eu grandeur naturelle

et sous ses deux faces du specimen a belie frange marginale.

Planche II.

1 et 2. Caulophacus scotiee, Topsent, p. 601. Silhouettes tres reduites du spt^cimen type.

3. Caulo2>hacus scotise. L'Eponge, photographiee en deux portions et reduite de plus de moitie.

4 et 5. Malacosaccus coatsi, Topsent, p. 588. Le specimen type, vu des deux cotes, reduit de pres

des -|.

6. Reniera cylindrica, n. sp., p. 639. Deux specimens. Gr. nat.

Planche III.

1. Buharis murrayi, n. sp., p. 616. Deux specimens. Gr. nat.

2. Calycosoma validum, F. E. Schulze, p. 606. Deux des lambeaux obtenus. Gr. nat.

3. Myxilla spongiosa, Ridley et Dendy, var. asigmata, Topsent, p. 625. L'Eponge, en grandeur

naturelle.

4. Docosaccus ancoratus, Topsent, p. 595. Trois des fragments obtenus. Gr. nat.

5. Dictyociona discreta (Thiele), Topsent, p. 618. Le specimen de la collection. Leg^rement reduit.

6. Hymeniaeidon fernandezi, Thiele, p. 615. Le specimen recueilli. L^gerement reduit.

7 et 8. lophon flahello-d i(jitatus, Kirkpatrick, p. 628. Deux specimens. Gr. nat.

9. lophon unicornis, Topsent, p. 628. Specimen, de grandeur naturelle.

10. Deux des Rossellides roulees du banc de Burdwood, p. 584. Grandeur naturelle.

Planche IV.

1 et 2. Poecillastra compressa (Bow.), Sollas, var. parvistellata, n. var., p. 611. Deux des fragments

obtenus. Gr. nat.

3. Desmacidonl sp. ? p. 637. Le specimen, en grandeur naturelle.

4. Mycale magellanica (Ridley), p. 632. Le specimen le mieux conserve. Gr. nat.

5. Pseudosuherites exalhicans, n. sp., p. 614. L'un des specimens massifs. Gr. nat.

6. Cladorhiza thomsoni, Topsent, p. 634. Les deux fragments decharnes du type. Gr. nat.

7. Stylostichon toxiferum, n. sp., p. 621. Le specimen type. Gr. nat.

8. Caulopliacus instabilis, Topsent, p. 598. Le fragment qui sert de type. Gr. nat.
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Planchb V.

1. Homceodidi/a verrucosa, n. sp., p. 636. Le t3'pe, en partie macere. Gr. nat.

2. Mijcale pellita, n. sp., p. 633. Deux fragments de specimens, I'un blanc, I'autre brun. Gr. nat.

3. 7'eJaram c/iavcoh', Topsent, p. 630. Un specimen massif, blanc, vu par sa face inferieure. Gr. nat.

4. Clathria toxipriedita, n. sp., p. 620. Le specimen type, un peu reduit.

5. Tedania murdoclii, n. sp., p. 629. Le specimen type, legerement reduit.

6. Mycale acerata, Kirkpatrick, p. 632. L'un des fragments obtenus. Gr. nat.

7. Tedania cJiarcoti, Topsent, p. 630. Specimen massif, gris-jaunatre. Gr. nat.

Planchb VL

\. Malacnsaccus coatsi, Topsent, p. 588. la, hexactine dermique ; li, hexactiiie du pedoncule ] Ic,

hexactine gastrique ; Ic^, hexactine du parenchyme ; le, pentactine hypodermique. x 180.

Im, rayon de grande discohexaster ; In, rayon de petite discohexaster. x 310.

2. P(Bcillastra incrustans, Sollas, ji. GIO. Microxe. x 540.

3. Dendoryx nodaspera, n. sp., p; 623. 3a, deux isocbeles ; ?)h, deux sigmates. x 540.

4. Acoelocalyx brucei, Topsent, p. 592. 4a, discohexaster; ib, oxj'hexaster, x 310. 4c, base d'une

ancre, x 500.

5. Cahjcosoma validum, F. E. Schulze, p. 606. 5a, hexactine dermique ; bh, hexactine cloacale ; 5c,

grande hexactine cloacale; 5^7, pentactine hypodermique prise au niveau d'une verrue. x 91.

6. Docosaccus ancoratus, Topsent, p. 595. 6a, hexactine de soutieii, X 33 ; 6&, hexactine de soutien,

a la base d'une papille setigere, gr. nat.

7. Lissodendoryx buchanani, n. sp., p. 626. 7a, bases de pseudoxes ; lb, isochele. x 540.

8. Mycale acerata, Kirkpatrick, p. 632. Les deux bouts d'un megasclere. x 540.

9. loplion pluricornis, Topsent, p. 627. 9a, bipocilles ; 9&, extremite d'un tylote. x 540.

10. Mycale magellanica (Eidley), p. 632. Sigmates lineaires. x 540.

11. Gellius arcuarius, n. sp., p. 638. 11a, toxe; 116, pointe d'un oxe. x 540.

12. Clathria toxiprxdita, n. sp., p. 620. 12a, centre d'un toxe ; 12b, 12c, isochMes des deux categories.

x540.

13. Homceodictya verrucosa, n. sp., p. 636. Isochele vu de profil. x 540.

14. Stylostiehon toxiferuni, n. sp., p. 621. Toxes des deux sortes. x 540.

15. Raspaxilla phakellina, n. sp., p. 617. 15a, base de style de la charpente ; 156, deux acanthostyles
;

15c, style grele des faisceaux. x 310.

16. Caulophacus instabilis, Topsent, p. 598. 16a, hexactine dermique; 166, hexactine clu pedoncule

;

16c, rayon d'une discohexaster. x 180.

17. Caidophacus scotiee, Topsent, p. 601. 17a, hexactine dermique; 176, hexactine cloacale; x 180.

17c, discohexaster hexactinale; 17d, discohexaster h^mihexastrale ; I7e, discohexaster

hexastrale ; 177i, discohexaster du parenchyme; 17i, llj, 17^, discohexasters du pedoncule.

x310.
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X.—Scottish National Antarctic Expedition, 1902-04 : Deep-Sea Deposits. By

J. H. Harvey Pirie, B.Sc, M.D., Geologist and Surgeon to the Expedition.

(With a Map.)

(MS. received March 15, 1913. Eead May 26, 1913. Issued separately August 29, 1913.)

The material brought home by the Scotia and available for examination consists in

all of fifty-five samples of deposits from the floor of the ocean. The majority of these

consist of true "deep-sea" deposits, i.e. material from depths of over 100 fathoms;

but, for convenience, the description of a few samples from shallow waters (mostly in

the neighbourhood of the S. Orkneys) is also included in this report.

The number of deposits is considerably less than the number of soundings taken by

the Expedition, because, for various reasons, a sample of deposit was not obtained in

every case where a sounding was taken.

In the majority of the shallow-water soundings taken in the neighbourhood of the

Expedition's winter quarters in the S. Orkneys, a simple sounding-lead was used and no

effort made to obtain a specimen of the mud from the bottom. In the case of the

deep-sea soundings a lead was also used in a few of the earlier soundings taken between

the Falkland Islands and the S. Orkneys, and in these cases, although a small amount

of material was obtained from the tallow on the bottom of the lead, such samples

cannot be regarded as giving, a true representation of the nature of the sea-floor, and

the material available is too small for a full examination. Sometimes the sounding-

tube came up empty ; on one occasion at least this was due to the fact that a tube

(Buchanan) was used without any rubber valve at the top, so that the plug of mud,

which probably had been in the sounding-tube, could easily have been pushed out

during the rapid raising of the sounder from the bottom. On several occasions there

was evidence from the presence of dents on the tubes that it had gone down on " hard

ground"—whether a general rocky bottom or an isolated boulder of rock, it is, of course,

impossible to say with certainty in every case ; but from the fact that in one or two

instances a subsequent trawling from the same situation brought up an abundant

supply of soft material, the likelihood would be that in these instances at least the

tube had simply happened to light upon one of the boulders which, dropping from

melting icebergs, must be scattered fairly thickly over the floor of the Antarctic and

sub-Antarctic seas ; in no instance did the emptiness of the sounding-tube appear to

be due to the bottom material being of so clastic a nature that it had not sufficient

cohesion to remain in the tube during the process of hauling up. Another reason for

each sounding not furnishing a sample of deposit is to be found in the snapping of the

sounding-wire and loss of sounding-tube (and perhaps also water-bottles and thermo-

meters, to say nothing of many fathoms of wire). This, unfortunately, was a not
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uncommon occurrence. It did not often happen while sounding in the Weddell Sea,

where the ship was usually in " small water"—the swell being broken by the abundant

pack ice,—but it occurred only too frequently in the more stormy seas to the north and

north-east of that area. So much rough weather was, in fact, encountered that it was

often impossible even to attempt a sounding, the rolling of the ship being so great

;

and even if the lowering of the sounder was accomplished safely, it was no uncommon

occurrence for the wire to snap either before winding in could be started or soon after

it had commenced its upward journey. On a few occasions the wire snapped through

catching on floating ice, but this was a rare accident. From the point of view of

deposits the paucity of material from the region between the Falkland Islands, the

S. Orkneys, and the S, Sandwich group is most to be deplored, and, though to a

somewhat less extent, the comparative infrequence of those obtained along the 10th

meridian W. long, between 60° S. lat. and Gough Island.

The sounding-machine used was a Lucas machine, which, being driven by a rope

from a special small engine, could reel in at about the rate of 100 fathoms per

minute. The sounding-tubes employed were in most instances those devised by

Buchanan for bringing up a sample of both deposit and bottom-water, the mud tube

being 1 inch wide and either 12 inches or 18 inches long, usually the longer tube being

employed. Under the systematic description of the samples, if nothing is mentioned

as to the sounding-tube employed it is to be understood that a Buchanan tube was

used. These tubes were found eminently satisfactory in their working. One practical

point in sounding was found by experience to be that kinking and snapping of the

sounding-wire could be to a great extent prevented by introducing a 10-fathom length

of hemp rope between the lower end of the wire and the sounder.

At the commencement of the voyage from the Falklands southwards an ordinary

deep-sea lead was used on a few occasions and also a tube of the Baillie pattern supplied

by the Admiralty. The use of the former and the fact that a number of sounding-

tubes were lost are responsible for the small number of samples obtained from this

locality. In a few of the shallow- water soundings a Lucas "snapper" lead was

employed ; these naturally tend to bring up pebbles, and if the jaws are not quite

closed any mud or clastic material will in all probability be washed out. For the

soundings taken while in winter quarters at the S. Orkneys a small Lucas machine

mounted on a sledge was used with, in most instances, a simple lead attached so that

no bottom material was brought up. The few samples obtained came either from a

snapper-lead or a small hand-dredge.

The plugs of mud from the Buchanan sounding-tubes were pushed out entire by

a wooden rod or piston accurately fitting the interior of the tubes. In most cases the

material was then simply bottled and brought home unaltered for detailed examination.

In very few instances was any obvious naked-eye difference to be made out in the

appearances presented by the more superficial and by the deeper portions of the plug of

deposit, although in a few cases where the specimen was divided into two and the parts
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preserved separately subsequent examination did reveal slight differences. The results

obtained by Dr Philippi (1) of the German Antarctic Expedition show, however, that

considerable differences may exist between the surface layers and deeper portions of

the deposit in certain areas and indicate the importance of dividing the plug of

deposit into two or more portions for separate examination, and also perhaps of using

longer mud tubes on the sounder. Dr Philippi recommends tubes 1 metre long.

Tubes longer than this have the disadvantage that they may stick so firmly that when

reeling in is commenced the wire is very apt to snap.

Material was also obtained in a number of instances from the trawl. When this was

small in amount it had, of course, to be taken simply as it was, possibly partly washed

on the way up and not truly representative of the bottom material in situ ; but where

abundant, and if a sample were desired in bulk, the outer portions were discarded and

a portion taken from the interior of the mass of mud in the trawl, as this could be

regarded as truly typical of the deposit. The whole of the remainder of the material

was then emptied into a large zinc cylinder built up of a series of rings, at the bottom

of each ring being a sieve of wire mesh, the sizes of the mesh in the various rings being

1^ inches, | inch, ^ inch, and^ inch respectively. In this cylinder the material was well

washed with a stream of water from a hose, all clayey matter and particles under ^-^ inch

diameter washed away, and the rock fragments, pebbles, gravel, sand, etc., sorted out

according to their size by the different sieves. The material from each of these was

preserved separately for further examination.

Whenever a specimen of deep-sea deposit was procured, notes were made at the time

of the mode whereby it was obtained and of its amount, colour, consistency, and

general physical characters. A rough examination was frequently made on board at the

time of obtaining it, but in nearly every instance the detailed examination was made on

the return home of the Expedition.

This detailed examination was made after the plan devised by Sir John Murray

and Professor Renard, and described by them in the volume of the Challenger reports

dealing with deep-sea deposits (2). This plan could, of course, only be carried out in

its entirety where a sufficient amount of the sample was available. There was amply

sufficient in the majority of cases ; but where there was not, the quantitative determina-

tion, for instance, of calcium carbonate, had to be omitted and only an estimation given

of the relatiA^'e amounts of calcareous organisms and of the other constituent elements

of the sample. For a full description of the method the Challenger volume on deep-

sea deposits may be consulted : the following is a brief description of the routine

I followed.

The macroscopic characters, both in the wet and dry condition, were first noted.

Then the percentage of calcium carbonate in a dried weighed sample was ascertained

by analysis. The residue obtained after removal of the carbonate of lime was then

well rubbed, stirred, and shaken with abundance of water, and submitted to a process

of fractional decantation. The first decantations carry off that part of the residue
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designated " fine washings " ; this portion contains amorphous and clayey matter,

minute mineral particles mostl}^ under 0*02 mm. in diameter and always less than

0"05 mm., and some of the siliceous organisms. In the next decantations siliceous

organisms, if they are present, predominate ; but some of the lighter mineral particles,

between 0'05 and 0"02 mm. in diameter, will also be found. The heavier minerals,

including practically everything over 0"05 mm. in diameter, remained behind after all

the lighter material had been decanted off. Each of the decantations was allowed to

settle down in a basin and the material was then submitted to microscopic examination.

The percentage of the heavier minerals was frequently checked by weighing and

comparison with the weight of the original sample ; but as some allowance had always to

be made for the lighter minerals carried off in the second decantations, the percentage

figure given for " minerals " can only be regarded as an estimation— in most cases,

however, probably a fairly accurate approximation of the amount over 02 mm.

in diameter. The figures given for the percentages of siliceous organisms and of "fine

washings " are, of course, also only approximate estimates
; but as the routine followed

in every case was the same, they may safely be taken, if not as absolutely accurate, at

least as of fairly accurate comparative value.

Where a sample contained calcareous organisms, a similar rubbing-down process

was gone through with a specimen unattacked by acid, so that the foraminifera and

other calcareous organisms might be sorted out. All foraminifera picked out from

deposits at any stage (and in a number of instances also original samples of deposit

for separation) were sent to Mr F. Gordon Pearcey for examination, and I am

indebted to him for the identification of those which are referred to in this report. I

have also to express my indebtedness to Sir John Murray for instruction in the

Challenger office in the general methods of examining deep-sea deposits ; to Professor

James Geikie of the University of Edinburgh, in whose laboratory the examination

of the material was carried out ; to his assistant, Dr Campbell, for help in identifica-

tion of minerals and rock specimens ; and lastly, to the University of Edinburgh for

a grant from the Moray Research Fund for expenses connected with the work.

Material Available for Examination.

Of the fifty-five samples brought home by the Scotia, one (No. 1) comes from the

tropical portion of the S. Atlantic, namely from the Abrolhos Bank, off" the coast of

Brazil, and, more especially since it is fragmentary in character, needs no further

description than that given in the systematic account of the samples. One (No. 2)

is a typical terrigenous mud from the shallow water of Stanley Harbour in the

Falkland Islands. One (No, 29) is from a depth of 56 fathoms on the Burdwood Bank,

lying to the south of the Falkland Islands. Five samples (Nos. 24a, 246, 24c, 25a,

256) are from depths of under 100 fathoms, in close proximity to the land of the

S. Orkney Islands, whilst 2 others (Nos. 22 and 23) are from just over 200 fethoms not
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far off these islands. One (No, 34) comes from 161 fathoms off the coast of Coats

Land. The remaining forty-four samples are all true deep-sea deposits from the S.

Atlantic Ocean and Weddell Sea.

General Description according to Gteggraphical Distribution.

A. Betiveen the Falkland Islands, S. Orkneys, and the Sandwich Group.—Nine

samples were obtained from this area, which is one of great interest from the point of

view of the bottom deposits, owing to the rapid transitions which must occur from one

type to another. Unfortunately, for reasons mentioned already, their number is small,

and some of them were obtained only in very small quantities, so that exact determina-

tions were not always possible.

On the Burdwood Bank, towards its eastern end, the one specimen obtained (No.

29), taken in conjunction with the character of the material brought up by the trawl,

which contained large numbers of foraminifera and other calcareous organisms, but

practically no mud, indicates that this point is beyond the edge of the belt of terri-

genous muds surrounding the S. American continent, and within the Globigerina ooze

zone.

In lat. 56° 54' S., long. 56° 24' W., at a depth of 1946 fathoms (No. 28),

a Globigerina ooze was obtained, containing 24 per cent, of CaCOg with characteristic

cold water forms of foraminifera—viz., G. dutertrei and G. pachyderma—dominant, but

also most of the foraminifera characteristic of the S. Atlantic Globigerina oozes. The

mineral particles in this sample form 40 per cent, of the whole, and are largely

volcanic in their origin. Between this point and the S. Orkneys, two samples (Nos. 27

and 26&), although marked on the chart as lying M'ithin the Diatom ooze band, might

more properly be described as volcanic muds or sands, the mineral particles, chiefly of

volcanic origin, constituting such a large proportion of their bulk. It is possible that

these three samples are the product of submarine volcanic activity in the neighbour-

hood ; but, on the other hand, they are quite within the range of distribution by ice

and winds of the active volcanoes and volcanic rocks of the S. Shetlands and W.

Antarctica.

"The siliceous organisms in No. 266 (lat. 59° 23' S., long. 49° 08' W., 2180 fathoms)

form 15 per cent, of the deposit, but consist as largely of radiolaria as of diatoms. A
few miles to the south-east (No. 26a, lat. 59° 43' S., long. 48° 10' W., 2110 fathoms)

the percentage of siliceous organisms (again containing a fair proportion of radiolaria,

although relatively less) falls to ten, and the deposit approximates in character to

an Antarctic terrigenous deposit (glacial mud). It seems doubtful whether a really

typical Diatom ooze is to be obtained in this neighbourhood. Further to the east

(samples Nos. 3 and 4 obtained on the Scotia's first voyage southward in lat. 58° 22' S.,

long. 45° 00' W., 1698 fathoms, and lat. 59° 32' S., long. 43° 10' W., 2307 fathoms)

the indications point to the bottom material being more like the classical type of
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Diatom oozes, although there is still a very large proportion of mineral particles. The

preliminary reports sent home by Dr Heim (3) of Lieut. Filchner's Expedition show

that still further to the east, in the neighbourhood of S. Georgia, the Diatom ooze band

extends considerably further to the north than is shown on the Challenge!' map, in

that published by myself in the Scot. Geog. Mag. in 1905 (4), and in Murray and

Philippi's Valdivia report (5), and its limits must apparently be extended so as to pass

to the north of S. Georgia, but here again radiolaria form a considerable part of the

siliceous contents.

Two samples obtained somewhat to the west of the southern end of the Sandwich

group were too fragmentary to determine with any exactitude, but appear to be

transitional between Diatom oozes and glacial clays.

B. Weddell Sea.—All the samples obtained in the Weddell Sea to the south of the

60th parallel consist of material almost entirely of terrigenous origin, and are dealt

with at length (p. 677 et seq.) under the heading "Terrigenous Deposits, particularly

Glacial Muds and Clays."

C. Between 60° S. latitude, Gough Island, and S. Africa.—Five samples (Nos.

45 to 49) were obtained along the meridian of 10° W. long., between 60° S. latitude,

and Gough Island ; two between Gough Island and Cape Town.

In this area the northern boundary of the Antarctic glacial clay lies probably a

little north of the 60th parallel, and the transition from it to the Diatom ooze band

must be a fairly sharp one. Sample No. 44 (from lat. 61° 21' S., long. 13° 02' W.,

2764 fathoms) is a tough clay approximating in some respect to an abyssal Red clay,

although differentiated by containing a large amount of the finest rock flour of terri-

genous origin. Not a single diatom, however, could be found in it, whereas in No. 45

(from lat. 56° 58' S., long. 10° 03' W., 2518 fathoms) siliceous organisms constitute

55 per cent, of the whole deposit, diatoms forming the greater part of this. This

deposit is not, however, a typical Diatom ooze, but is intermediate in type between it

and a volcanic sand. It contains 40 per cent, of minerals, mostly of evident volcanic

origin. This point is about midway between Bouvet Island and the Sandwich group,

both volcanic in nature ; but considering the prevalent westerly winds in this region,

the latter is the source from which the pieces of pumice and volcanic minerals have in

all probability been derived.
*

In lat. 51° 07' S., long. 9° 31' W., 2103 fathoms (No. 46), the sounding-tube came

up empty, having been apparently on hard ground, but the trawl brought up a small

quantity of a characteristic Diatom ooze of a light straw colour when wet, almost pure

white when dry, and of a floury consistence with very little grittiness. The percentage

of siliceous organisms is as high as 80, diatoms predominating largely over radiolaria.

Mineral particles form only 5 per cent, here, whilst there is 9 per cent, of CaCOs,

chiefly foraminifera.

In lat. 48° 06' S., long. 10° 05' W., 1742 fathoms, the bottom material (No. i7)

is transitional in type between Diatom ooze and Globigerina ooze, containing as it does



OF THE SCOTTISH NATIONAL ANTARCTIC EXPEDITION, 651

5 5 per cent, of foraminifera (chiefly cold-water forms

—

Globigerina injlata, G. dutertrei,

and G. pachyderma) along with other more Northern types, but also 30 per cent,

of siliceous organisms, chiefly diatoms, although radiolaria are fairly abundant. The

position of the Diatom ooze band on this meridian must therefore be shown as in my
chart, i.e. shifted northwards from the position in which it is marked in the Challenger

map and also in the Valdivia report. The trawl in this situation, on the southern

extension of the mid-Atlantic rise discovered by the Scotia, brought up a considerable

quantity of rock fragments, almost all under 2 inches in diameter and mostly angular

or sub-angular in shape. A few showed glacial striae, one black shaley pebble being

particularly well rounded and striated. The rocks were of rather greater variety than

those obtained in the Weddell Sea, where granitic and gneissic rocks predominate.

They included white quartzite (abundant), granite, diorite, greywacke, shale, slate, one

piece hard fireclay, and a few volcanic rocks, chiefly scoriaceous, also some compact

basalts. Some of the fragments were clean, but the majority had a black manganese

staining on their surface.

The sample from lat. 41° 30' S., long. 9° 55' W. (No. 49), a little to the south of

Gough Island, is a typical G-lobigerina ooze, containing 71 percent. CaCOg with fairly

abundant coccoliths and a few rhabdoliths. The foraminifera, however, are all more or

less dwarfed forms.

In the two samples of Globigerina ooze obtained between Gough Island and Cape

Town (Nos. 50 and 51) the percentage of lime falls to 46 per cent, and 40 per cent,

respectively. The mineral particles here only constitute 1 per cent, of the whole

deposit, but the fine washings still show a considerable amount of minute mineral

particles, although the proportion of true amorphous clay is much larger, in No. 51

being almost sufiicient in quantity to term the deposit a transition to Red clay. A
typical area of this deposit is known to be not far ofi", between this point and the

Cape of Good Hope.

Systematic Description of Samples.

1. Station 81; December 20, 1902; lat. 18° 24' S., long. 37° 58' W., on the

Abrolhos Bank ; depth 36 fathoms.

Hard Ground.—Nothing came up in the sounding-tube. From the dredge,

which was very much torn, and from the attached swabs were picked ofi" a number

of calcareous organisms, fragments of coral, lamellibranch shells, bryozoa, and

foraminifera,

Foraminifera :—Chief forms : Globigerina rubra, Polytrema miniaceum, Amphi-

stegina lesonii ; various others.

2. Station 118; January 26, 1903; Stanley Harbour, Falkland Islands; depth

2^ fathoms.
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Mud.—A dark brownish-green earthy mud with some white specks ; soft and only

slightly coherent when wet. Lighter in colour when dry with numerous small

glistening specks of mineral particles and a few small pieces of shells. Slightly gritty.

Strong smell of HgS.

CaCO^ 27 per cent. (Anal.) :—Ostracods, echinoid spines and plates, gastropods,

lamellibranchs, foraminifera.

Siliceous organisms 5 per cent. :—Sponge spicules, a few diatoms, and plant

needles.

Minerals 30 per cent., m. di. 0*08 mm., rounded and angular :—Quartz mainly, a

little biotite and hornblende.

Fine ivashings 38 per cent. :—Brown in colour, amorphous clayey material, minute

mineral particles, and fragments of siliceous organisms, especially plant needles '01 to

"2 mm. in length.

Foraminifera :—Chief forms :

Calcareous. Arenaceous.

Bulimina elegantissima. Proteonina diffiugiformis.

Folystomella striatopunctata. Trochammina nitida.

Polystomella macella. Trochammina nana.

3. Station 140 ; January 31, 1903 ; lat. 58° 22' S., long. 45° 00' W. ; depth 1698

fathoms.

Diatom Ooze.—Only a very small quantity obtained adherent to the tallow on the

bottom of the sounding-lead. Probably partly washed, and not representing the true

condition of the bottom. Of a greyish-black colour, very gritty to the touch.

CaCO^ .-—Nil.

Siliceous organisms 40 per cent. :—Chiefly broken fragments of diatoms

:

Rhizosolenia, Fragilaria, Coscinodiscus, etc.

Minerals 45 per cent., m. di. 0'13 mm. Some as large as 075 mm., rounded and

angular :—Quartz, felspar, both monoclinic and triclinic, volcanic glass, palagonite,

dark basaltic scorise, hornblende, hypersthene, pale green augite.

Fine washings 15 per cent. :—Some amorphous material and minute mineral

fragments, largely fragments of diatoms.

4. Station 146; February 1, 1903; lat. 59° 32' S., long. 43° 10' W. ; depth

2307 fathoms.

Diatom Ooze.—Deposit adherent to the lower 15 inches of the sounding-lead,

and to the tallow on the bottom of it. As in the case of No. 3, the material cannot

be taken as truly representative of the ooze in situ, as it has almost certainly been

washed to some extent in bringing up. Grey in colour while wet ; dirty white when

dry. Gritty. Slightly coherent.
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CaCO^:—m\.
Siliceous organisms 55 per cent. :—Diatoms : Coscinodiscus, Navicula, Rhizo-

solenia, Eucampsia, Actinocyclus, Fragilaria, etc.

Minerals 25 per cent., m. cli. O'll mm., largest 0"63 mm., rounded and angular:

—

Brown and green volcanic glass, many of the pieces altered into reddish palagonite,

and with a dark coating of MnOg, magnetite, quartz, green fibrous hornblende, felspar,

biotite.

Fine washings 20 per cent. :—Fragments of diatoms, small mineral particles, and

amorphous matter.

5. Station 183; February 9, 1903; lat. 59° 42' S., long. 34° 13' W. ; depth

1325 fathoms.

Diatom Ooze.—Only a very small amount scraped off the sounding - lead.

Certainly a washed specimen ; as examined, it was composed almost entirely of

fragments of diatoms and pieces of rust off the sounder.

Diatoms:— Coscinodiscus, Fragilaria, etc. A few mineral particles, mostly under

0*05 mm. The only recognisable fragment a piece of pumice ; a few grannies with a

manganese coating.

6. Station 198; February 12, 1903; lat. 59° 49' S., long. 31° 32' W. ; depth

663 fathoms.

Hard Ground.—Merely a few grains of deposit adherent to the sounding-lead.

Fragments of diatoms, none recognisable. A few mineral particles, including quartz,

felspar, green and brown hornblende. Some amorphous matter.

7. Station 215; February 15, 1903; lat. 61" 58' S., long. 26° 03' W. ; depth

2250 fathoms.

Glacial Mud or Clay.—Only obtained in very small amount adhering to the

vaseline on the sounder. Greyish-green in colour when wet, dirty white when dry.

Microscopically it consists almost entirely of clayey matter, no definite mineral particles

being recognisable, although there are a few granules coated with manganese, and

some very small reddish fragments, possibly of palagonite. There are also a few

fragments of siliceous organisms. The deposit is almost certainly similar in character

to No. 8.

8. Station 226; February 17, 1903; lat. 64° 18' S., long. 23° 09' W. ; depth

2739 fathoms.

Glacial Clay.—Obtained in quantity from the Admiralty sounding-tube. Of a

greenish drab colour when wet, pale grey when dry. Upper layers loose and flocculent

;

lower, a tough clay. Soapy feeling when rubbed between the fingers, with a few gritty
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particles. No odour. When dried is hard and polishes when rubbed on the finger-nail,

readil}^ adheres to the tongue, breaks down very slowly in water.

CaCO^,^ a trace :—One small fragment of a molluscan shell.

Siliceous organisms, a trace :—Kadiolaria and a few sponge spicules.

Minerals 5 per cent. A few fairly large fragments, m. di. 0'16 mm. rounded

and angular, the larger fragments being well rounded :—Quartz, felspar (plagioclase,

orthoclase, and microcline), green hornblende, hypersthene, augite, tourmaline, volcanic

glass, pumice, a few grains coated with manganese.

Fine tvashings 95 per cent :—Amorphous matter and small undeterminable

mineral particles.

9. Station 246; February 20, 1903; lat. 69° 40' S., long. 21° 50' W. ; depth

2558 fathoms.

Glacial Clay.— Only a small quantity off the sounding-lead. In appearance

similar to the upper layers of No. 8. When dry, of a darker shade, and is a hard clay.

Breaks down rather more readily in water than No. 8 does, and is more gritty to

the touch.

CaCO^:—Wil.

Siliceous organisms, a trace :—Sponge spicules.

Minerals 10 per cent., m. di. 0'07 mm. :—A very few larger fragments, some of

which are well rounded, and one or two appear to be striated. Quartz, plagioclase,

volcanic glass, hornblende, biotite, serpentine, and (?) tourmaline.

Fine washings 90 per cent. :—Amorphous matter and small mineral particles.

The number of the latter under 0"02 mm. is large.

10. Station 273; February 28, 1903; lat. 69° 22' S., long. 26" 36' W. ;
depth

2587 fathoms.

Glacial Clay.—Obtained in considerable quantity from Admiralty sounding-tube.

Drab grey in colour, light grey when dry. Clayey, but not quite so tough as No. 8.

Soapy feeling between the fingers, but with a considerable number of gritty particles.

CaCO^ :—A trace.

Siliceous organisms, a trace :—Radiolaria.

Minerals 10 per cent., m. di. 0*08 mm. :—Quartz, most abundant; one grain, about

0*35 mm. in diameter, shows several striae; all the larger grains are rounded or sub-

angular. Green hornblende, felspar, both monoclinic and triclinic, magnetite, garnet.

A very little manganese coating on some of the grains.

Fine washings 90 per cent. :—Composed largely of mineral particles under 0'05 mm.

in diameter, and mostly much less. It is estimated that if particles down to

0'005 mm. were to be included under "Minerals," it would bring that heading up to

about 60 per cent., and even then all the remainder would not be amorphous clayey

matter, but would still contain very minute mineral particles.
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11. Station 280; March 2, 1903; lat. 68° 40' S., long. 30° 18' W. ; depth 2511

fathoms.

Glacial Clay.—Obtained in quantity from the Buchanan sounding-tube, as were

all the subsequent samples, unless mentioned to the contrary. Drab grey in colour,

light grey when dry. No odour. A fairly tough clay, but with numerous gritty

particles, less numerous, however, in the deep layers of the deposit.

CaCO^ .-—Nil.

Siliceous organisms :—A trace.

Mine7-ah—Upper part, 20 per cent., rounded and angular, m. di. 0*16 mm. :

—

Quartz, green hornblende, zircon, felspar, tourmaline, chlorite. Lower part, 10 per

cent. m. di. O'l mm. :—Quartz, hornblende, felspar. One fragment of hornblende

gneiss 5 mm. in diameter.

Fine washings:— Similar to No. 10.

12. Station 282; March 3, 1903; lat. 68° 31' S., long. 32° 08' W. ; depth 2452

fathoms.

Glacial Clay.—Bluish -grey when wet, dries a very light grey. Greasy clayey

feeling with gritty particles.

CaCOg.-—Nil.

Siliceous organisms 1 per cent. :—Fragments of diatoms.

Minerals 15 per cent., angular and rounded, m. di. 0'07 mm. :—Quartz in

abundance, some of it rosy red, a little felspar, biotite, hornblende, tourmaline, and

(?) apatite, magnetite, zircon, some particles of volcanic glass, and a few manganese-

coated grains.

Fine washings 84 per cent. :—Similar to No. 10, i.e. some amorphous clayey

matter, but containing abundant very fine mineral particles.

13. Station 286; March 5, 1903; lat. 68° 11' S., long. 34° 17' W. ; depth 2488

fathoms.

Glacial Clay.—Greenish-grey in colour, light grey when dry. A greasy clay,

but with more gritty particles palpable than in previous samples.

CaCO.^ 5 per cent. (Anal.) :

—

Globigeiina dutertrei, the largest scarcely 0'3 mm.

in diameter, others much smaller.

Siliceous organisms

:

—Nil.

Minerals 15 percent., m. di. O'l mm., many as large as O'l 5 mm., all the larger

being rounded or sub-angular :—Quartz and hornblende chiefly, felspar (orthoclase,

plagioclase, and microcline), augite, glauconitic casts of foraminifera, (?) Glohigerina

pachyderma, a little dark volcanic glass, magnetite (rare), zircon (one), a few

manganese nodules—one about 1 mm. in diameter.

Fine washings 80 per cent. :—Similar on the whole to previous samples, but

contains undoubtedly more amorphous clayey matter.
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Chiefforaminifera:— Cassidulina suhglohosa, Glohigeiina pacliyderma, Nonionina

pompilioides ; none of them abundant.

14. Station 290; March 6, 1903; lat. 67° 39' S., long. 36° 10' W. ; depth

2500 fathoms.

Glacial Mud or Clay.—Greenish-grey in colour, pale grey when dry. Does not

feel so clayey when rubbed between the fingers, and there are a considerable number of

gritty particles.

CaCO^:—Wi\.

Siliceous Organisms, a trace :—Fragments of diatoms, one sponge spicule.

Minerals 20 per cent. :—Fragments of quartz hornblende gneiss up to 5 mm. in

diameter. All the larger grains rounded. Quartz abundant, one or two grains show

distinct striae. Magnetite, pumice, yellow volcanic glass, hornblende, augite, brown

mica, a little felspar.

Fine washings 80 per cent. :—Similar to No. 10.

14a. Station 291; March 7, 1903; lat. 67° 33' S., long. 36° 35' W. ; depth

2500 fathoms.

Glacial Mud or Clay.—From trawl. In addition to mud, the trawl brought up a

large number of rock specimens, some angular, mostly rounded or sub-angular. Some

are striated ; some appear to be water-worn. Rocks include gneiss (abundant, a number

of pieces with red felspars), soft decomposing granulite, hornblende schist, flaggy gneiss,

schistose quartzite, pumice, and slate.

The washings from the trawl contained Echinoid spines and brittle-star arms, a few

sponge spicules and radiolaria, also numerous arenaceous forarainifera.

Chieffova miyiifera :—Astrorhiza ci-assatina (en masse), abundant ; Hyperammina

ramosa, fragments; H. elongata, also only fragments; Hormosina normani, also only

fragments. Miliolina bucculerita is the only lime-builder found.

15. Station 295; March 10, 1903; lat. 66° 40' S., long. 40° 35' VV. ; depth

2425 fathoms.

Glacial Clay.—Very similar to No. 13. More clayey than No. 14, but also con-

taining numerous gritty particles.

CaCO,:—mi
Siliceous organisms

:

—Nil.

Minerals 20 per cent. m. di. 0"07 mm. :^A few sub-angular rock fragments up to

2 mm., in diameter, but the great majority of the mineral particles are small. Quartz,

hornblende, felspar (monoclinic, triclinic, and microcline), grains like serpentice,

magnetite, both by itself and embedded in volcanic glass, chlorite.

Fine washings 80 per cent. :—Largely minute mineral particles, although there is a

considerable amount of amorphous clay. No fragments of siliceous organism^.
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From the traivl were obtained a number of pebbles similar in their genera] characters

to those from No. 14o, chiefly pieces of hornblende gneiss, quartzite, and granulite
;

also a piece of hsematite, numerous flakes of biotite, a trachyte, and a fine-grained tuff

containing crystals of augite and olivine.

A few arenaceous ybrainMit/era, chiefly Astrorhiza crassatina, also three specimens

of Hormosina globulifera.

16. Station 300 ; March 12, 1903 ; lat. 65° 29' S., long. 44° 06' W. ; depth

2500 fathoms.

Glacial Clay.—Drab grey in colour ; light grey when dry, almost uniform, but

with a few dark specks. A fairly tough clay, with gritty particles.

CaCO^ 2 per cent. (Anal.) :—Foraminifera.

Siliceous Organisms

:

—Nil.

Minerals 12 per cent., m. di. 0'08 mm., sub-angular and angular, the larger pieces

being all sub-angular :—One quartz pebble stained with limonite 4 mm. long, not

striated. Quartz, hornblende, mica, magnetite in grains and embedded in volcanic

glass, serpentine, felspar, glauconite grains.

Fine ivashings 86 per cent. :—More amorphous clayey matter than in any previous

sample.

Chief foraminifera:— Glohigerina dvtertrei, G. pachyderma, Truncatulina

pygmcea, Proteonina diffliigiformis, Haplophragmoides stihglohosum, Ct/clammina

pusilla ; none of them abundant.

17. Station 301 ; March 13, 1903 ; lat. 64° 48' S., long. 44° 26' W. ; depth 2485

fathoms.

Glacial Mud.—Of a dark drab-grey colour when wet, drying into a hard light-

greenish-grey mass. Much less clayey than previous samples, having no clayey odour

when breathed upon. The tongue adheres only very slightly to the dry specimen.

It takes a lustrous polish, but the streak on porcelain, of a greenish-brown colour, is

not shiny. It breaks down readily in water into a flaky condition almost without

rubbing, and there is only the slightest unctuous feeling when rubbing down.

CaCO^

:

—A trace.

Siliceous organisms, a trace :—Sponge spicules and radiolaria.

Minerals 10 per cent., m. di. 0'08 mm., rounded and angular:—Quartz,

felspar, hornblende, mica, zircon, magnetite, and augite. Fragments of slate and of

quartzite.

Fine ivashings 90 per cent :—Chiefly very fine material particles, very little

amorphous matter.

Rock specimens obtained from trawl

:

—A few rock fragments, some angular, others

rounded, and several showing glacial striae. Two pieces of granulite evidently been

recently dropped, the side which has been embedded in the mud being covered by a
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dark stain, while the uncovered part is clean. The pieces are all either dark hornblende

gneiss, quartzite, or granulite.

Foraminifera :—No pelagic or porcellaneous forms observed. Arenaceous forms

not abundant, but the commonest is Meophax pilulifera. Other forms are Reophax

nodulosa, Saccammina sphserica, and Bathysiphon JUiformis.

18. Station 303; March 14, 1903; lat. 64° 24' S., long., 43° 18' W. ; depth 2547

fathoms.

Glacial Mud or Clay.—More bluish-grey in colour, light grey when dry. Rather

more clayey than No. 17, but not so much so as previous samples. A fair number of

gritty particles,

CaCO,:—Wi\. -

Siliceous organisms, a trace :—Fragments of diatoms.

Minarals 15 per cent. m. di. 0"08 mm., sub-angular and angular:—Quartz, biotite,

hornblende, felspars, magnetite, tourmaline, (?) apatite.

Fine ivashings 85 per cent. :—Some amorphous clayey matter, chiefly very minute

mineral particles.

19. Station 309; March 16, 1903; lat. 63° 51' S., long. 41° 50' W. ; depth 2550

fathoms.

Glacial Clay.—Drab grey in colour. A tough clay again without many gritty

particles.

Caco,.--mi
Siliceous organisms, a trace :—Fragments of diatoms.

Minerals 10 per cent., m. di. 0'07 mm., sub-angular and angular:—Quartz, mica,

hornblende. One piece of red felspar 2 mm. long ; a similar sized piece of slaty-looking

rock. Some small pieces of volcanic rock enclosing magnetite.

Fine washings 90 per cent. :—More clayey matter, but still chiefly composed of fine

mineral particles.

,20. Station 312; March 17, 1903; lat. 62° 56' W., long. 42° 20' W. ; depth

1956 fathoms.

Glacial Mud.—Similar to No. 18, but with fewer gritty particles. Much less

clayey than No. 19.

CaCO^:—Wi\.

Siliceous organisms 1 per cent. :—Sponge spicules.

Minerals 10 per cent., m. di. 0"06 mm., angular and sub-angular:—Quartz, felspar,

mica, hornblende, magnetite in grains alone and enclosed in volcanic glass.

Fine ivashings 89 per cent :— Similar to No. 18.

21. Station 313; March 18, 1903; lat. 62° 10' S., long. 41° 20' W. ; depth

1775 fathoms,
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Glacial Mud or Sand.—Sounding-tube contained only a small scraping of mud,

and came up with a considerable dent on one side as if it had struck on rock, but a

considerable quantity of mud was obtained from the trawl later. This may have been

partly washed on its way up ; but from the manner in which it was fixed in the trawl,

it cannot have been much so, and probably very closely represents the true state of

the bottom. A bluish-grey sand or mud with almost no clayey feeling about it. Very

orritty, and with very little cohesion. Needs almost no rubbing to separate its contents :

merely washing and decantation.

CaCO^ 2 per cent. (Anal.) :—Foraminifera.

Siliceous organisms, a trace :—Diatoms [Coscinodiscus), and radiolaria.

Minerals 70 per cent., m. di. 0*25 mm., sub-angular and angular :—Quartz, felspar,

mica, and hornblende in abundance.

Fine washings 28 per cent. :—Chiefly small mineral particles, some amorphous

material.

Rock specimens from trawl

:

—A large number of boulders, including some weighing

as much as 2 cwts., besides many smaller. A great variety of rocks, although meta-

morphic rocks predominate largely. A few show striations. Coarse hornblende gneiss,

hornblende patches from fine-grained gneisses, also pieces of felspathic veins, coarsely

granitoid and fine granulitic gneiss, garnetiferous gneiss, schistose quartzite, hornblende

schist, hornfels, mica schist, phyllite, slate, clayey limestone, clay concretion fairly

rich in iron (? from limestone), one piece of fossiliferous limestone with specimens of

Archseoojathinse, basalts, quartz dolerite, rhyolite, tuff's, greywacke (not resembling

the S. Orkney, Laurie Island rock).

CJiief foraminifera

:

—Numerous arenaceous forms belonging to the genera

Psammosphwra, Saccammina, Pelosina, Rhabdammina, Hyperammina, Reophax,

Hormosina, Trocham^mina, Gribrostoynoides, Cyclammina, and Gaudryina.

Benthoic lime-builders are represented by Miliolina hucculenta and Cassidulina

suhglohosa ; the Globigerinidae by G. dutertrei and G. pachyderma.

22. Station 317; March 19, 1903; lat. 61° 12' S., long. 42° 44' W. ; depth 210

fathoms.

Pebbles.—Two pebbles brought up in the snapper, washed quite free from mud.

One, a pebble 1 x | x ^ inch, rounded and water-worn, composed of dark-coloured

banded quartzitic rock with carbonaceous particles ; very similar to the greywacke of

the S. Orkneys, and probably derived from there. The other, a pebble f x f x -g- inch,

apparently recently broken in two, one face being rough and slightly convex, the

other part being well rounded and water-worn, and showing traces of striation,

composed of material similar to the other. Both might quite well from their

appearance be beach pebbles from the S. Orkneys which had been carried out frozen

in bay-ice and deposited on melting. Mud would probably have been found had a

sounding-tube been used.
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23. Station 319; March 20, 1903; lat. 61° 05' S., long. 43° 20' W. ; depth 214

fathoms.

Sand.—Brought up in the snapper. A muddy sand of a greenish-fawn colour with

black specks. Dries much lighter in colour. Almost no coherence, very gritty, and

contains rounded water-worn pebbles similar to those of No. 22 up to |^ inch in

diameter.

CaCOo^ .-—Not tested for.

Siliceous organisms 3 per cent. :—Diatoms : Coscinodiscus, Fragilaria, Actino-

cycliis, etc.

Minerals 90 per cent. :—Kather more than half being particles of gravel about

2 mm. in diameter, the remainder sand averaging 0*13 mm. in diameter. The sand

grains are rounded and sub-angular; the gravel, angular and sub-angular, i.e. less well

water-worn. They show no signs of striae. The grains consist chiefly of quartz with

black carbonaceous particles and a green scaly mineral resembling chlorite. This

corresponds closely with the constitution of the greywackes of the S. Orkneys. There

are also one or two grains of magnetite, and one piece of green hornblende.

Fine washings 7 per cent. :—Composed of fine mineral particles and fragments

of diatoms.

24ct. Uruguay Cove, Laurie Island, S. Orkneys; April 20, 1903; depth 5 to 10

fathoms.

Sand.—Obtained in dredge. A fine greenish- grey sand composed of a mixture of

dark- and light-coloured particles. The grains do not vary much in size, the average

being 0*15 mm. in diameter, the largest being 0'30 mm. The grains are rounded and

sub-angular. Compared with the gravel and sand obtained by sifting the mud from

the trawl of March 18, 1903 (No. 21, 1775 fathoms), the grains are much more uniform

in size and more rounded and polished than the small grains of that sample, but, if

anything less so than the larger gravelly grains. The grains are chiefly quartz, some

clear but mostly cloudy with chlorite, carbonaceous matter, and (?) kaolin. A little

hornblende.

Siliceous organisms 5 per cent. :—Diatoms : numerous littoral and ice forms. See

p. 676, Dr Gran's report on the diatoms.

246. Station 325; Scotia Bay, Laurie Island, S. Orkneys; July 22, 1903:

depth 36|- fathoms.

Mud.—Brought up in the snapper sounding-lead. A fairly tenacious mud when

brought up, of a dark greenish-drab colour, and smelling strongly of HgS. Rubs down

easily with a feeling like that of clay and fine sand mixed.

CaCO^ .-—Nil.

Siliceous organisms 5 per cent. :—Diatoms : a mixture of pelagic and littoral forms.

See p. 676 for Dr Gran's report on the diatoms. Sponge spicules.
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Minerals 50 per cent., m. di. 0'07 mm., angular and sub-angular:—Chiefly quartz,

some clear but mostly clouded with grey, green, and black particles. A very little

hornblende, mica, and (?) zircon.

Fine washings 45 per cent. :—Fine mineral particles and diatoms.

24c. Station 325 ; Scotia Bay, S. Orkneys, near Scotia's anchorage ; January 2,

1904; depth 5 to 10 fathoms.

Muddy Sand.—Similar to No. 24a, but the grains are not so regular in size, m. di.

0"09 mm., largest about 0"15 mm., angular and sub-angular; the larger grains (over

O'l mm.) rounded and distinctly water-worn :—Composition of grains like those of

No. 24a. Diatoms abundant, littoral and ice forms. See p. 676 for Dr Gran's report

on the diatoms.

25a. Station 334; November 27, 1903; 14 hours; about 1|- miles off" Coronation

Island, S. Orkneys; depth 41|- fathoms.

Sand.—A dark greenish- grey slightly muddy fine sand. Very finely gritty to the

touch. Very little cohesion. One or two pebbles up to ^ inch in diameter of a

schistose quartz and hornblende rock apparently, m. di. of mineral particles 0*15 mm.,

sub-angular, rounded, and angular. Quartz clear and clouded with dark inclusions.

Hakes of muscovite and biotite, especially the former, chlorite also fairly abundant,

hornblende, a little felspar, some calcite. A few diatoms and sponge spicules. The

diatoms include both pelagic and littoral forms. See p. 676 for Dr Gran's report on

the diatoms.

256. Station 335 ; November 27, 1903 ; 16 hours; oif Conception Point, Coronation

Island, S. Orkneys ; depth 90 fathoms.

Sand.—A very small quantity similar in its general characters to No. 25a, and

containing several small quartz pebbles. Composed chiefly of quartz, hornblende,

chlorite, and a little biotite.

26a. Station 337a; November 28, 1903; 9 to 11.15 hours; lat. 59° 43' S., long.

48° 10' W. ; depth 2110 fathoms.

Glacial Sandy Mud bordering on Diatom Ooze.—A brownish-grey mud with

numerous dark specks of mineral particles. Slight greasy clayey feel to the finger,

with numerous fine gritty particles. Very easily rubbed down in water.

CaCOs 1 per cent. :—Foraminifera.

Siliceous organisms 10 per cent. :—Chiefly diatoms, radiolaria fairly common, and

sponge spicules.

Minerals 60 per cent., m. di. 0*13 mm., larger particles rounded, others sub-

angular and angular :—Quartz, chiefly clear, some clouded like that of the S. Orkney

rocks. Hornblende (very clear green and also brown), felspar (microcline, kaolinised,
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and clear plagioclase), a little biotite and chlorite, one or two grains of pumice,

magnetite, and (?) garnet. A few glauconite grains.

Fine washings 29 per cent. :—Small angular mineral particles, fragments of diatoms,

and a little amorphous matter.

Chief foraminifera :

—

Hyperammina ramosa, Reophax diffiugiformis, Haplo-

phragmium agglutinans. Clavulina communis, Spiroplecta hiformis ; none of them

abundant.

266. Station 338; November 28, 1903; 18 to 20 hours; lat. 59° 23' S., long.

49° 08' W. ; depth 2180 fathoms.

Diatom Ooze or Volcanic Sand.—A soft greenish-brown mud. Preserved in

spirit, and in the bottle has sorted out into layers, light in colour on top, dark mineral

layer on the bottom. Not much cohesion, being very easily rubbed down, leaving a

residue of fine sand composed of a mixture of grey and dark, almost black grains, with

some glittering flakes of mica. The lighter, more superficial part has a floury feeling.

CaCO^

:

—A trace.

Siliceous organisms 15 per cent. :—Diatoms, radiolaria, a few sponge spicules.

Minerals 60 per cent., m. di. 0*1 mm., sub-angular, rounded, and angular :—Quartz

(not volcanic), many fragments of brown basaltic glass with felspars and magnetite,

cloudy felspars, magnetite, augite, brown hornblende, green hornblende, palagonite, a

few chlorite scales on quartz grains, garnet.

Fine washings 25 per cent. :—Chiefly fragments of diatoms, also minute mineral

particles.

CJiief foraminifera

:

—Rhizammina alg^formis, Reophax difflugiformis, Ammo-

baculites agglutinans, Gaudryina pseudofliformis, Glohigerina hulloides (dwarfed),

G. duterbrei, G. pachyderma ; none of them abundant.

27. Station 339; November 29, 1903; lat. 58° 28' S., long. 51° 56' W. ; depth

2168 fathoms.

Diatom Ooze (?) or Volcanic Sand.—Valves of the sounding-tube remained open

so that the deposit must have been much washed coming up. The deposit may have

been a Diatom ooze, but it does not seem likely that the diatoms could have been so

completely washed out if it were. As obtained, it is a brownish-green earthy sand. To

the naked eye it seems more mineral and rock particles than mud.

Minerals 80 per cent., a mixture of fine grey sand, m. di. O'l mm., and gravel up

to 10 mm., mean about 1'5 mm., sub-angular and angular. Much dark volcanic glass,

pumice, palagonite, magnetite, quartz with limonite coating many of the grains,

felspar, some cloudy but chiefly clear, brown hornblende, augite, green hornblende.

Fine washings 20 per cent. :—Fine mineral particles and some diatoms.

28. Station 342; November 30, 1903; lat. 56° 54' S., long. 56° 24' W. ;
depth

1946 fathoms.
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Globigerina Ooze.—Dark brown in colour with numerous light-coloured specks

(foraminifera). Light brown when dry. Moderately coherent, but easily rubbed

down in water. Slight clayey feeling. Gritty.

CaCO^ 24 per cent. (Anal.) :—Foraminifera and a few fragments of lamellibranch

shells.

Residue 76 per cent. :—Dark grey in colour.

Siliceous organisms 2 per cent. :—Diatoms and radiolaria.

Minerals 40 per cent., m. di. 0"07 mm., angular and sub-angular:—Felspars, some

fresh and clear, but mostly cloudy and weathered, including two pieces of plagioclase 2

to 3 mm. in length, augite, magnetite, quartz, brown hornblende, volcanic glass, and

some brown mica.

Fine washings 34 per cent. :—Fine mineral particles, diatom fragments, and a little

amorphous matter.

Foraminifera ."—No less than twenty-nine genera and sixty species in this deposit,

including practically all the types characteristic of the Globigerina oozes of the

S. Atlantic, the Globigerinidse being quantitatively the most abundant.

29. Station 346 :—December 1, 1903; lat. 54° 25' S., long. 57° 32' W. ; on the

Burdwood Bank ; depth 56 fathoms.

Hard Ground.—Only a very minute fragment of brownish clay containing a few

specimens of Globigerina dutertrei and G. pachyderma. The trawl, however, brought

up a large number of masses of calcareous shelly and foramiuiferal sand varying in

size up to that of an orange, and from these some eighty species of foraminifera were

obtained, chiefly of shallow-water Antarctic facies, the most abundant being G. hulloides,

G. dutertrei, Truncatulina variabilis, and Polystom^lla crispa. Arenaceous types very

rare, being represented only by Trochammina nitida.

30. Station 387 ; February 26, 1904 ; lat. 65° 59' S., long. 33° 06' W. ; depth

2625 fathoms.

Glacial Clay.—A brown tenacious clay with a bluish tinge. Grey in colour when

dry. Very clayey and very little grit.

CaCO^, a trace :—Foraminifera.

Siliceous organisms, a trace :—Radiolaria.

Minerals 5 per cent., angular, m. di. 0"12 mm. :—A few larger rounded mineral

particles, chiefly quartz, about 1 mm. in diameter. One showing distinct striae.

Remainder small and angular. Quartz, green augite, felspar (microcline and plagioclase),

brown mica, yellow and brown palagonite grains, a few small grains of magnetite, a

little green hornblende.

Fine washings 95 per cent. :—Fine mineral particles with a considerable amount of

true amorphous clayey material.

Foraminifera:—Exceedingly few in number, Globigerina dutertrei, G. pachyderma

and Proteonina difiugiformis being the only forms noted.
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31. Station 391 ; February 27, 1904 ; lat. 66° 14' S., long. 31° 18' W. ; depth 2630

fathoms.

Glacial Clay.—A soft clay of a drab grey colour. Requires much rubbing down :

it is so tenacious. Very little grittiuess.

CaCO,:—mi.
Siliceous organisms, a trace :—Radiolaria.

Minerals 3 per cent., angular and sub-angular, m. di, 0'09 mm. ; a few quartz

particles up to 0"5 mm. sub-angular, all others angular :—Quartz (one angular

fragment 5 mm. long), a little felspar, augite, magnetite, volcanic glass, and

palagonite.

Fine loashings 97 per cent. :—Fine mineral particles and a considerable amount of

amorphous clayey matter.

Note.—In both this sample and No. 30 the minerals, with the exception of the

quartz, are chiefly of volcanic origin.

32. Station 394 ; February 28, 1904 ; lat. 66° 43' S., long. 27° 55' W. ; depth 2685

fathoms.

Glacial Clay.—A loose soft clay of a drab grey colour. Very greasy and requires

much rubbing down. Almost no grittiness.

CaCOj.-—Nil.

Siliceous organisms

:

— Nil.

Minerals 2 per cent., angular, m. di. 0*05 mm. Estimated that if particles down to

01 mm. were included, the percentage would be about 5. Quartz, magnetite, augite,

felspar, biotite, pumice.

Fine ivashings 98 per cent. :—A considerable amount of amorphous clayey material,

but largely unrecognisable mineral particles under O'Ol mm. in size.

Nole.—Although the fine washings make up such a large part of this and the

preceding two samples, in this respect resembling a Red clay, none of them contain so

much real clay as a true Red clay does, none are so difficult to rub down as a true Red

clay is, and in all the fine washings contain far too much minute mineral particles

—"rock flour"—for them to be regarded as true Red clays.

33. Station 406; March 3, 1904; lat. 72° 18' S., long. 17° 59' W. ; depth 1131

fathoms.

Glacial Mud or Clay.—Of a dark greenish-brown colour. A fairly tough clay,

but with a considerable number of gritty particles.

CaCO^:—m\.

Siliceous organisms 2 per cent. :—Chiefly sponge spicules. A few whole diatoms

{Coscinodiscus), and some fragments, and a few small radiolaria.

Minerals 20 per cent, angular and sub-angular, the larger being the more rounded,

m. di. 0'17 mm. :—Quartz, felspar, augite, hornblende, serpentine, chlorite, brown mica,

1
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magnetite. Some fragments of white sandstone, the grains of it having a limonite

coating, also fragments of greenish slate.

Fine tvashings 78 per cent. :—A fair amount of true amorphous clayey matter.

The minute mineral particles are, on the whole, distinctly larger than those of No. 32.

34. Station 411; March 10, 1904; lat. 74'^ 01' S., long. 22° 00' W. ; depth 161

fathoms.

Pebbles.—^Three pebbles brought up in the snapper sounding-lead. No mud

adherent to them.

(1) A piece of mica schist containing garnets and iron pyrites l"2x "9 x '7 inch,

sub-angular, smoothed on two sides.

(2) Piece of brownish-pink sandstone, "8 x "G x "3 inch ; sub-angular, composed of

well-rounded quartz grains from O'lo to 0'3 mm. in diameter, many of them coated

with limonite, bound together by a calcareous matrix.

(3) Piece of dark hornblende gneiss, '7 x '&x "5 inch, sub-angular.

35. Station 414; March 15, 1904; lat. 71° 50' S., long. 23° 30' W. ; depth 2102

fathoms.

Glacial Mud or Clay.—A brownish-grey mud with a certain amount of greasy

clayey feel about it, but it breaks down in water without very much rubbing. Very

little grittiness.

CaCOg .-—Nil.

Siliceous organisms, a trace :—Sponge spicules.

Minerals 25 per cent., angular, m, di, O'OG mm., typical "rock-flour," very few

large pieces :—Quartz, mostly clear, some grains coated with limonite, a few rather

larger grains with what looks like chlorite scales, flakes of brown mica, felspar,

hornblende (green and brown), augite, magnetite, olivine, chlorite, tourmaline.

Fine tvashings 75 per cent. :—Chiefly fine mineral particles, only a moderate

amount of amorphous clay.

36. Station 415 ; March 16, 1904; lat. 71° 28' S., long. 22° 32' W. ; depth 2338

fathoms.

Glacial Mud or Clay.—Only scrapings off the outside of the sounding-tube.

There was no valve at the top of the sounding-tube, and so the plug of mud had all

escaped. Brownish when wet, slaty-grey when dry. Microscopically it consisted

almost entirely of " fine washings," mostly amorphous clay ; but as it must have been

washed on the way up, it cannot be regarded as in any way representative of the

condition of the deposit in situ.

37. Station 416; March 17, 1904; lat. 71° 22' S., long. 18° 15' W. ; depth 2370

fathoms.
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Glacial Mud or Clay.—A greenish-grey mud, otherwise very similar in character

to No. 35.

CaCO^, a trace :—Ostracod valve.

Siliceous organisms, a trace :—Sponge spicules and radiolaria.

Minerals 15 per cent., angular, m. di. 0"06 mm. :—Quartz, magnetite, brown mica,

some flakes up to 1"5 mm., these three making up the main bulk of the mineral

particles ; some augite, volcanic glass, felspar, mostly kaolinised, olivine, garnet, some

glauconitic grains.

Fine washings 85 per cent. :— Similar to No. 35 in character.

Chief foraminifera

:

—Cyclammina pusilla, Reophax nodulosa, Psammosphasra

fusca, Go7'diammi7ia charoides, Haplophragmoides scitulurn.

38. Station 417; March 18, 1904; lat. 71° 22' S., long. 16° 34' W. ; depth 1410

fathoms.

Glacial Mud or Clay.—Of a greenish-grey colour, light grey when dry. Not

very tenacious ; a distinctly greasy, clayey feeling, but rubs down fairly easily.

Similar in this respect to Nos. 35 and 37. Rather gritty from the presence of

foraminifera and rock particles.

CaCO^ 4 per cent. (Anal.) :—Foraminifera.

Siliceous organisms 1 per cent. :—Sponge spicules and radiolaria.

Minerals 20 per cent., angular and sub-angular, m. di. 0"07 mm. :—The larger

pieces (up to about 0'5 mm.) are almost rounded. Quartz, brown mica, hornblende,

augite, magnetite, felspar, chlorite, volcanic glass, calcite, garnet. Glauconite grains.

Fine washings 75 per cent. :—Similar to Nos. 35 and 37 in character.

Rocks from the traivl .'—Nearly ^ cwt. of boulders, sub-angular and rounded like

rolled boulders from a stream. One weighing 14 lbs., half-a-dozen over 5 lbs. ; many

about size of an apple, and a large amount of coarse and fine gravel ; nearly all with a

dark surface manganese coating either in whole or part. Gneissic and schistose rocks

of considerable variety, quartzites (white and red), granulites, a piece of gabbro, a

quartz dolerite, several varieties of basalt—one being a typical spilite ; another shows

marked albitisation of the felspars ; a third has a fine development of secondary epidote,

—red and purple sandstone.

Chiefforaminifera

:

—Glohigerina hulloides, G. dutertrei, Truncatulina loueller-

storfi, T. tenuimargo, T. tenera. Numerous large arenaceous types such as :

—

Rhahdamnfiina, Psammosphwra, Saccammina, Pelosina, Hyperamm^ina, Reophax,

Hormosina, Haplophragmoides, Trochammina, Cyclammina, Textularia.

39. Station 418; March 19, 1904; lat. 71° 32' S., long. 17° 15' W. ; depth 1221

fathoms.

Glacial Mud or Clay.—Similar in general characters to No. 38, but is less gritty.

CaCO^ 2 per cent. (Anal.) :—^Foraminifera.
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Siliceous organisms 2 per cent. :—Sponge spicules, radiolaria, diatoms (especially

Coscinodiscus).

Minerals 15 per cent., angular and sub-angular, m. di. 0*08 mm. :—A few larger

grains up to 3 mm. almost rounded in outline. Quartz, felspar (monoclinic and

triclinic), brown mica, magnetite, green hornblende, augite, olivine, serpentine,

volcanic glass.

Fine washings 8 1 per cent. :—Fine mineral particles chiefly ; if anything rather

more amorphous clay than in No. 38.

Chief fora'ininifera

:

— Clavulina communis, Glohigerina dutertrei, Cristellaria

convergens, Bathysiphon Jiliformis, Psam,mosphwra fusca, Reopliax nodulosa,

Haplophragmoides rotulatum, Cribrostomoides bradyi.

40. Station 420; March 21, 1904; lat. 69° 33' S., long. 15° 19' W. ; depth 2620

fathoms.

Glacial Mud or Clay.—A brownish-grey mud ; clayey, but not very tenacious,

and breaks down fairly easily. Fairly gritty.

CaCOg.-—Nil.

Siliceous organisms, trace :—Sponge spicules.

Minerals 20 per cent., m. di. 0'07 mm., angular chiefly, a few larger pieces sub-

angular, one quartz grain 3 mm. long, smooth and rounded :—Quartz, brown mica,

augite, magnetite, felspar, olivine, hornblende, (?) glaucophane, pumice.

Fine washings 80 per cent. :—Moderate amount of amorphous clayey matter,

largely minute mineral particles under O'Ol mm. in diameter, i.e. of same type as No. 32.

Rocksfrom trawl :—Lost, Not identified.

Foraminifera

:

—Washings from trawl yielded a rich harvest of foraminifera,

especially of arenaceous forms and also a few calcareous forms.

Representatives of most of the genera of the Astrorhizidse are to be found, includ-

ing no less than eight new species described by Mr Pbarcey—viz., Syringammina

minuta, Technitella asciformis, Thurammina reticulata, Hormosina irregularis,

Cyclam,mina contortum, Reophax robustum, Haplophragmoides umbilicatum, and

Pelosina arborescens.

There are also representatives of such rare forms as Sorosphsera confusa,

Crithionina pisum, and Keramosphsera fusca. Dwarfed forms of Globigerina

dutertrei and G. pachyderma are present in small numbers, along with Pullenia

sphaeroides, Anomalina polymorpha, and two species of Truncatulina.

41. Station 421 ; March 22, 1904 ; lat. 68° 32' S., long. 10° 52' W. ; depth 2487

fathoms.

Glacial Clay.—A light brownish-grey clay in colour, light grey when dry.

More clayey than No. 40, and needs considerable rubbing down. Also a considerable

number of gritty particles.
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CaCO^ 5 per cent. :—Forarainifera. These appear to be more abundant in the

upper layers than in the deeper portions of the sample. The lot from which the

percentage of CaCOg was estimated came from the top layers. Deeper layer I per

cent. (Anal.).

Siliceous organisms, trace :—Sponge spicules.

Minerals 20 per cent., m. di. 0*08 mm., angular and sub-angular chiefly, a fair

number of larger quartz grains, one about 5 mm, long, smooth and polished, and

showing distinct striae :- Quartz, jasper, felspar (orthoclase, plagioclase, and microcline,

one piece 2 mm. long), dark mica, green hornblende, magnetite, tourmaline, augite ; one

piece of angular gneissic quartz-hornblende rock, 1 cm. long, stained black with

manganese.

Fine washings 75 per cent. :—Fair amount of amorphous clay. Minute mineral

particles not markedly of the No. 32 type, as a considerable proportion of them are

between 0"01 and 0*05 mm. in size.

Chief forarainifera

:

—Glohigerina dutertrei, G. hulloides, and G. duhia,

Truncatulina wuellerstorfi, and Pullenia sphwroides.

42. Station 422; March 23, 1904; lat. 68° 32' S., long. 12° 49' W. ; depth 2660

fathoms.

Glacial Clay.—A light brown unctuous clay similar in character to No. 41.

CaCO^ .-—Nil.

Siliceous organisms, trace :— Sponge spicules.

Minerals 20 per cent., m. di. 0'07 mm., angular and sub-angular, one piece of

hornblende 2 mm. long :—Quartz, mica, hornblende, a little volcanic glass, felspar,

mostly plagioclase, magnetite, augite, tourmaline, garnet, serpentine, palagonite, olivine.

Fine washings 80 per cent. :—Of No. 32 type.

43. Station 428; March 27, 1904; lat. 66° 57' S., long. 11° 13' W. ; depth 2715

fathoms.

Glacial Clay.—Light brown in colour. Somewhat flocculent, very smooth, almost

no grittiness, not very unctuous except the final portions when rubbing down, which

require almost as much rubbing as does a Red clay to break it up completely.

CaCO^ .-—Nil.

Siliceous organisms, trace :—Sponge spicules.

Minerals 5 per cent., angular and sub-angular, m. di. 0"07 mm. :—Quartz, some

grains with a limonite coating, felspar, green hornblende, augite, magnetite, zircon,

mica, tourmaline.

Fine ivashings 95 per cent. :—Considerable quantity of amorphous clay. Many

minute mineral particles, a large proportion of them under 0001 mm. in size.

44. Station 432a; March 30, 1904; lat. 61° 21' S., long. 13° 02' W. ; depth 2764

fathoms.



OF THE SCOTTISH NATIONAL ANTARCTIC EXPEDITION. 669

Glacial Clay.—A greyish-brown tough clay requiring a great deal of rubbing

down. Almost no grittiness.

CaCO^ .-—Nil.

Siliceous organisms, trace :—Sponge spicules.

Minerals 3 per cent., angular, m. di. 0"08 mm. :—Quartz (clear and limonite-

coated), magnetite, volcanic glass and pumice, red palagonite, augite, felspar, green

hornblende, mica.

Fine washings 97 per cent., :—A much larger proportion of amorphous clay than in

any other specimen obtained. It approximates really closely to a Red clay in this

respect. The minute mineral particles in the fine washings are correspondingly

diminished in amount; those that are present are mostly under O'OOo mm. in size,

there being few between that and 0'05 mm.

45. Station 438; April 3, 1904; lat. 56° 58' S., long. 10° 03' W. ; depth

2518 fathoms.

Diatom Ooze or Volcanic Sand.—Of a light straw colour speckled with black. No

odour. Very little cohesion, but numerous gritty particles. Readily breaks down in

water, and can be separated into two portions, one faintly yellow straw-coloured, com-

posed almost entirely of diatoms ; the other dark, almost black, of mineral particles,

CaCOg.-—Nil.

Siliceous organisms 55 per cent. :—Diatoms and radiolaria.

Minerals 40 per cent., angular, m. di. O'll mm. :—Volcanic glass and pumice, red

palagonite, augite, magnetite, felspar, a little quartz, biotite, and hornblende. A few

large fragments of pumice.

Fine washings 5 per cent. :—Fragments of diatoms and minute mineral particles.

Foraminifera

:

— Cyclammina pusilla, rare.

46. Station 447; April 9, 1904; lat. 51° 07' S., long. 9° 31' W. ; depth

2103 fathoms.

Diatom Ooze.—No deposit in the sounding-tube, which seemed to have been on

hard ground. A few balls of ooze were obtained from the trawl. These were of a light

straw colour when wet, almost pure white when dry. Very little cohesion, soft floury

feel, almost no grit. Possibly slightly washed or sorted out in coming up, so that it

may not be really quite typical of the deposit in situ.

CaCO^ 9 per cent, (anal.) :—Foraminifera, echinoid spines, a few ostracod valves.

Siliceous organisms 80 per cent. :—Diatoms chiefly, also radiolaria and sponge

spicules.

Minerals 5 per cent., m. di. 0"15 mm.—Rounded and sub-angular quartz grains, and

a few pieces of volcanic glass.

Fine ivashings 6 per cent :—Fragments of siliceous organisms.

Chief foraminifera

:

—Arenaceous types represented by nine genera, the most
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characteristic forms being Proteonina dijjiugiformis, Rhizammina algseformis, Reophax

nodulosa, Cyclammina cancellata, C. ].)usilla, Trochammina glohiyeriniforinis, and

Amynochilostoma pauciloculata. The Miliolinidse are represented by Biloculina

depressa and Miliolina venusta ; the Textularidse by Gaudryina, Clavulina, and

Cassidulina ; the Lagenidge by four species, including the rare forms L. staphyllearia

and L. Jieldeyiiana. Globigerina dutertrei common, three species of PuUevia, two of

Truncatulina, two oi Pulvinulina, two Nonionina, and one Rotcdia.

47. Station 451; April 13, 1904; lat. 48° 06' S., long. 10° 05' W. ; depth 1742

fathoms.

Diatom Ooze or Globigerina Ooze.—Only a small amount of deposit obtained

off the swabs attached to the trawl, which contained numerous pebbles. The deposit

has almost certainly been washed in coming up, so may not represent quite truly the

character in situ. Of a greyish colour, with a tinge of yellow when wet, a pure white

cement-looking substance when dry. lleadily crumbles between the fingers, and

breaks down almost of its own accord in water, without rubbing.

CaCOs 55 per cent. :—Foraminifera.

Residue light brown in colour.

Siliceous organisms 30 per cent. :—Diatoms, radiolaria fairly abundant, sponge

spicules.

Minerals 5 per cent., angular and rounded:—Quartz, felspar, augite, volcanic

glass, magnetite.

Fine ivashings 10 per cent. :—Chiefly fragments of diatoms and radiolaria.

Rocksfrom trawl

:

—Nearly half a hundredweight of rock fragments, mainly under

2 inches in diameter. Angular and sub-augular chiefly, a few showing glacial stria\

particularly one rounded pebble of black shale. White quartzite most abundant

;

granite, diorite, greywacke, shale, slate, hard fireclay (one piece), a few volcanic rocks,

mostly scoriaceous, some compact basalts. Some clean, most with a black coating of

manganese.

Chief foraminifera :
—Globigerina inflata, G. dutertrei, G. pachyderma. Also

rather numerous more northern types, such as Bolivina nohilis, B. reticulata,

Bulimina aculeata, B. buchiana, Uvigerina pygmcea, Truncatulina lobatula, Pulvi-

nulina canariensis, P. crassa, Nonionina umbilicatula. Only two arenaceous forms,

Proteonina difflugiformis, Gordiammina charoides.

48. Station 454; April 15, 1904; lat. 45° 56' S., long. 10° 05' W. ; depth 1799

fathoms.

(?) Ooze.—Nothing in sounding-tube. Merely a small scraping obtained from the

outside of the tube. Probably a Globigerina ooze.

49. Station 459; April 20, 1904; lat. 41° 30' S., long. 9° 55' W. ; depth 1998

fathoms.
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Globigerina Ooze.—Of a light fawn colour. Coherent and slightly plastic

while wet.

CaCOz 71 per cent. (Anal.):—Foraminifera. Coccoliths fairly numerous, rhabdo-

liths a few.

Siliceous organisms 5 per cent. :—Diatoms, radiolaria, sponge spicules.

Minerals 5 per cent., angular, m. di. 0'06 mm. :—Felspar, magnetite, volcanic

glass, augite, olivine.

Fine washings 19 per cent.:—Amorphous clayey matter chiefly; some minute

mineral particles and fragments of siliceous organisms.

Chiefforaminifera

:

—Globigerinidse make up the bulk of the deposit, especially

Globigerina hulloides (by far the most abundant), G. dutertrei, G. inflata, G.

[Orhulina) universa, Pulvinulina canariensis, P. micheliniana, P. exigua, and

Pullenia ohliquiloculata. All species more or less dwarfed. Also nine species of

Miliolinidse, seven Textularidse, and nineteen Lagenidse, including the rarer forms L.

stelligera, L. feldeniana, and L. trancata. Arenaceous types rare; they include:

—

Reophax distans, Proteonina difflugiformis, Ci'ihrostomoides hradyi, Ammochilo-

stoma galeata, and Spiroplecta americana.

50. Station 467; April 28, 1904; lat. 40° OS' S., long. 1° 50' E. ; depth 2645

fathoms.

Globigerina Ooze.—Deposit only obtained off trawl. Probably partly washed in

coming up. Of a light reddish-brown colour with white specks (foraminifera).

Coherent, slightly plastic.

CaCOs 46 per cent. :—Foraminifera. Coccoliths fairly abundant, no rhabdoliths.

Echinoid spines and ostracod valves.

Residue reddish in colour.

Siliceous organisms 3 per cent. :—Diatoms, radiolaria, and sponge spicules.

Minerals 1 per cent. :—A few rounded quartz grains and felspars.

Pine washings 50 per cent. :—Chiefly minute mineral particles, some amorphous

clay, and fragments of siliceous organisms. Not sufficient clay to call the sample a

transitional form between Globigerina ooze and Eed clay.

Chiefforaminifer'a

:

—Glohigerina inflata, G. hulloides, G. dutertrei. Numerous

other calcareous and arenaceous foraminifera—the variety large, the numbers of each

being few, and their size as a rule small.

51. Station 468; April 29, 1904; lat. 39° 48' S., long. 2° 33' E. ; depth, no

sounding taken
;
probably about the same as No. 50.

Globigerina Ooze.—Deposit obtained from the trawl. Certainly partly washed

in coming up, so that it is not typical of the deposit in situ. Brown in colour with

white specks (foraminifera). Coherent, more clayey than No. 50, and not so easily

rubbed down in water.
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CaCO^ 40 per cent. :—Foraminifera. Coccoliths fairly abundant, no rhabdoliths.

Residue red in colour.

Siliceous organisms 3 per cent. :
—^Diatoms, radiolaria, sponge spicules.

Minerals 1 per cent. :—The only recognisable piece is a fragment of pumice

0*75 mm. in size.

Fine wasliings bQ per cent. :—Similar to No. 50, but distinctly more amorphous

clay, almost sufficient to term the deposit a transition form to Red clay.

A feiv small pebbles from trawl, angular and sub-angular. Probably ice-carried

from their variety, but no striae seen on any of them. (Specimens lost.)

Chiefforaminifera

:

—Glohigerina bulloides and G. infata are the most numerous

forms. Fewer bottom-living forms than in No. 50. Truncatulina seems to take

the place of Lagena so far as numbers go. Arenaceous types include Psammosphxra

fusca, Rhabdamniina discreta, and Proteonina diffiugiformis.

Summary of the Three Main Types of Deposits obtained.

Globigerina Ooze.

Samples of Globigerina ooze from the S. Atlantic were obtained by the Scotia in

two localities : (1) between Falkland Islands and the S. Orkney group, and (2) to the

south and east of Gough Island. In the former area the Globigerina ooze forms a narrow

zone between the S. American terrigenous deposits and the circumpolar Diatom-oozc

band. Only one typical sample was obtained in this locality, viz. No. 28, from 56° 54' S.,

56° 24' W., 1946 fathoms, containing 24 per cent, of CaCOg by analysis, the lime

being chiefly derived from the shells of foraminifera, Mr Pearuey has separated no less

than twenty-nine genera and sixty species of foraminifera from this sample, of which

twelve genera are of arenaceous types. The calcareous forms include practically all

the types characteristic of the Globigerina oozes of the S. Atlantic, the most abundant

being the small cold-water forms Globigerina dutertrei,G. pachyderma, G. btdloides, and

G. infiata. The mineral particles of this deposit, like those of the Diatom oozes to the

south-east, are largely of volcanic origin. On the Burdwood Bank, although no ooze

was actually brought up in the sounding-tube, the material obtained in the trawl,

containing, as it did, much foraminifera and shelly, sandy material, points to the eastern

portion of the Bank at all events, if not the whole of it, lying within the Globigerina ooze

area, and outside the region of deposition of land-derived material from the S. Americau

continent. Some eighty species of foraminifera were obtained, the general facies

being an Antarctic shallow-water one, with few arenaceous species.

South of Gough Island, on the Mid-Atlantic rise, the Globigerina ooze extends to

about 48° S. lat. Sample No. 47, from 48° 06' S., 10° 05' W., from a depth of 1742

fathoms, must be classed as a transitional form of deposit, containing, as it does, 55 per

cent. CaCOa, and also 30 per cent, of siliceous organisms. The foraminifera from this

place consist predominatingly of the cold-water Globigerinidae, G. infiata, G. dutertrei.

r
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and G. pachyderma ; but there are also considerable numbers of more northern species

of Bolivina, Bulimina, Uvigerina, Trancatulina, Pulvinulina, and Nonionina.

Arenaceous forms are conspicuously rare. The trawl at this station brought up a large

number of small rock-fragments of considerable variety, some of them showing fine

glacial striae.

In 41° 30' S., 9° 55' W., not far to the south of Gough Island, the percentage of

CaCOg rises to 71, and the coccoliths and rhabdoliths are present in addition to

foraminifera. A large number of species of foraminifera are present, although the

cold-water surface Globigerinidse are easily the most abundant ; all forms tend to be

of small size, and the others are few in number individually, although of many varieties.

Arenaceous species are not abundant. To the east of Gough Island, almost midway

between it and the Cape of Good Hope, in 40° 08' S., 1° 50' E., and in 39° 48' S.,

2° 33' E., the CaCOg falls to 46 per cent, and 40 per cent, respectively, while the "fine

washings " (clayey matter principally) rise to 50 and 56 per cent. The depth here is

over 2600 fathoms, and the bottom material shows an approach to the Red clay, an

area of which lies to the west and south-west of the Cape of Good Hope. The pelagic

foraminifera are here similar to the previous samples ; the benthoic calcareous forms are

considerably less numerous.

Diatom Ooze.

The circumpolar Diatom ooze band was crossed by the Scotia in two regions, viz.

to the north of the S. Orkneys and along the meridian of 10° W. long. In the former

area, where the Diatom ooze band is undoubtedly a narrow one, five samples were obtained

which might fall under this heading, but only one was procured under circumstances

allowing of full identification. This sample. No. 266, from lat. 59° 23' S., long. 49° 08'

W., 2180 fathoms, contains 15 per cent, of siliceous organisms, chiefly diatoms, but also

a good many radiolaria. There are a large number of mineral particles of volcanic

origin, a feature still more pronounced in No. 27, obtained a little to the north-west

;

so that these specimens, although included in the Diatom ooze area, might, with perhaps

greater accuracy, be described as volcanic sands. It is the influence of the volcanic

activity in the S. Shetlands and neighbouring parts of the Antarctic continent which

is doubtlessly making itself felt here.

Along the meridian of 10° W. long, three samples of Diatom ooze were obtained,

from 56° 58' S., 51° 07' S., and 48° 06' S.—the centre one of these three being the

only Diatom ooze, however, corresponding to the classical type of this form of deposit,

i.e. of a light straw colour when wet, almost pure white when dry, very like the finest

flour in appearance and to the touch, with very little cohesion, and composed pre-

dominatingly of the siliceous skeletons of diatoms. The most southerly is a transitional

form to volcanic sand, coming within the influence of the S. Sandwich group ; the most

northerly, to Globigerina ooze. The amount of lime in these three shows an interesting

transition from nil in the inost southerly, through 9 per cent, in the centre, to 55 per
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cent, in the most northerly. The siliceous organisms constitute respectively 55, 80,

and 30 per cent, of the whole, going from south and north. Diatoms in all three make

up the greater part of this, but radiolaria are also always present. The predominant

species are given below in Dr Gran's report. Murray and Philippi, in their Valdivia

report, refer to the absence in the deposits of certain species common in the surface

waters, presumably through solution during the long process of sinking ; whether this

holds good also in the Weddell Sea and S. Atlantic area it is not yet possible to say,

until the results of the examination of the tow-netting specimens are available. The

absence of clayey matter and rock flour in these Diatom oozes, particularly in the most

southerly, is very striking. Evidently the transition from the glacial clay to the south,

in which the "fine washings" of the most northerly saujple obtained formed 97 per

cent, of the whole deposit, is a fairly sharp one. The transition to Globigerina ooze

on the northern side of the Diatom ooze band in this region appears, on the other hand,

to be more gradual. This is in keeping with the results obtained by the Valdivia and

the Gauss ; but no isolated patches of Globigerina ooze within the Diatom ooze area,

or between it and the glacial clay, as found by the Valdivia, were come across

by the Scotia.

The relative amounts of diatoms in the surface waters and in the bottom material

from the same place form a very marked contrast. Diatoms live entirely in the upper

layers of the ocean, within the depth to which light permeates, and within the pack-ice

area are exceedingly abundant, colouring the ice as it is seen broken up in summer, of

a brownish colour. Over the whole of the Weddell Sea area, where the bottom material

is a glacial clay, diatoms flourish in the surface waters, but in the deposits they are

either entirely absent or in insignificant amounts (under 2 per cent.). Where they are

most predominant in the deposits—in about 51° or 52° S.—on the other hand, they are

comparatively infrequent in the surface waters, flow is this striking difference to be

accounted for? It is not a question of depth and solution before reaching the bottom,

for the difference in the two zones is inconsiderable—about 2400 to 2700 fathoms for

the glacial clays, and 2100 to 2500 fathoms for the Diatom oozes. Nor can the rapid

accumulation of glacial detritus with hiding of the diatoms account for this remarkable

distribution, for in deposit No. 44 from 61° 21' S., 13° 02' W.—the most northerly glacial

clay obtained in this area, and where the accumulation of detritus must be much slower

than nearer the Antarctic continent—not a single diatom could be found. Carrying

away of the diatoms by surface currents set in motion by the prevailing winds also fails

as an explanation, for in the southern part of the Weddell Sea the drift is to the west,

in the northern portion to the east, whereas a northerly carriage is required to fit in

with the facts of distribution. One is thrown back on the explanation tentatively put

forward by Dr Philippi (6) in his preliminary report on the deposits obtained by the

German Antarctic Expedition, and subsequently elaborated by himself. This is in the

existence of a northerly undercurrent produced by the melting of ice within the pack-ice

zone. Some indication of strong undercurrents was got by the Scotia while trawl-
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ing (7) ; although this was south of 70° S. lat., it is possibly a widespread condition.

Further evidence of their presence is afforded by the movements of icebergs, the deeply

immersed portions of which are influenced by this current, carrying them northward

despite the absence of prevalent winds from the south. The diatom skeletons, being

light, are carried off" by this current and only sink to the bottom farther north, where,

presumably, the current is dissipated. The heavier glacial material, carried chiefly in

the base of the bergs (ground morainic matter)—which parts melt early—sinks easily

and is deposited nearer the Antarctic land. Much of the finest rock flour, however, is

carried, perhaps partly within the ice of the bergs, but largely in suspension, to a very

considerable distance from Antarctic land into the S. Atlantic. Whilst this theory

provides a working hypothesis to account for the peculiar distribution of diatoms, it

seems to me not quite satisfying in its failure to account completely for the rapid

transition from glacial clay composed largely of rock flour and containing no diatoms

to a diatom ooze with almost no clay or rock flour. The distribution of the glacial

clay and Diatom ooze and the limits within which pack-ice occurs—so far as we know these

two sets of facts (8)—also do not seem to correspond sufficiently closely to be explained

fully by this theory. The Gauss and Valdivia reports read almost as if the margin

of the glacial deposits corresponded exactly with the pack-ice zone, the coarser glacial

detritus sinking mainly within the inner portion of the pack-ice zone, the diatoms and

fine rock flour being carried northwards by the current set up by the melting surface

ice, to sink outside the pack-ice area. In a general way this is probably true. Where

pack-ice is known to come far north—as, for instance, in the eastern part of the

S. Atlantic—the Diatom ooze area also extends further northwards, but there ought also

by rights to be a considerable admixture of fine rock flour in the ooze, which does not

appear to be the case. Observations on the rates of sinking of diatom frustules and

rock flour would throw further light on this interesting point, and further data on the

distribution of ice and of the circumpolar glacial clay and Diatom ooze are required

before a completely satisfactory explanation is forthcoming. (See also under " Glacial

Muds and Clays," p. 677 et seq.)

Diatoms in Deposits.

A selected series of deposits containing diatoms was sent to Professor H. H. Gran
of Christiania, who kindly off"ered to examine and report upon them. The selection

included not merely those deposits classified as Diatom oozes, but also a few specimens of

glacial clays in which I had noted the presence of diatoms in my examination, and of

shallow-water deposits from the coast and neighbourhood of the S. Orkneys. It is

convenient to include them all at this point. The following is Professor Gran's

preliminary report on the samples, which he has been good enough to allow me to make

use of pending his complete identification and description.

" The samples are of two different types

—

"(1) Deep-sea deposits of a very uniform character [as regards their diatoms
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—J. H. FI. P.], containing the strongest silicified remains of pelagic diatoms,

type belong the following samples :

—

'o this

No. 3. Diatom ooze from

4

5.
,, ,,

...
23. Sandy mud from

26a. Transitional Glacial mud—Diatom ooze

266. Diatom ooze or Volcanic sand from

27.
,, ,, ,,

39. Glacial clay from

45. Diatom ooze or Volcanic sand from

46. Diatom ooze from

. 58° 22' S., 45° 00' W., 1698 fathoms

. 59° 32' S., 43° 10' W. 2307 ,

. 59° 42' S., 34° 13' W. 1325 ,

. 61° 05' S. 43° 20' W. 214 ,

;e from 59° 43' S. 48° 10' W., 2110 ,

. 59° 23' S. 49° 08' W. 2180 ,

. 58° 28' S. 51° 56' W., 2168 ,

. 71° 32' S. 17° 15' W., 1221 ,

. 56° 58' S. 10° 03' W., 2518 ,

. 51° 07' S., 9° 31' W., 2103 ,

Common to all the samples are the following species :

—

Fragilaria antarctica (Schwartz), Castra9ane.

Rhizosolerda styliformis, Brightw., ends of cells.

,,
bidens, Karst, ends of cells.

Eucompsia Balaustium, Castr.

Biddulphia Weissflozii, Jan.

Adinocijdus OHverianus, O'Meara.

Coscmodiscus planus, Karst (and other closely

connected forms).

Ooscinodiscus ocidus iridis, Ehr., different forms,

difficult to identify with certainty from the

often corroded specimens.

I cannot point out any clear difference between the various samples of this type.

" (2) Deposits from the littoral zone of the S. Orkneys :

—

No. 24a. Uruguay Cove .

24ft. Scotia Bay .

24c. Scotia Bay .

25a. Off Coronation Island

5-10 fathoms.

5-10 „

These samples are all very rich in littoral and ice diatoms. Nos. 246 and 25a [the

former from well out in the centre of Scotia Bay, the latter from open water on the

north coast of Coronation Island—J, H. II. P.] contain also the same plankton species

as the samples of type 1. But dominant are the following species, which occur more

or less abundantly in all the samples :

—

Amphora proteus, Greg.

Navieula aspera (Ehr.).

,, brasiliensis, Grun.

„ diri'da, W. Sm., dominant in 24a.

,, jejunoides, Van Heurck.

,, quadratarca, A. Schmidt, dominant in

24c.

„ Smithii, Breb.

Pleurosigma kerguelense, Grun.

,, medite7'ra7ieum, Cleve.

Gomphonema kamtschaticmn, Grun.

Amphiivora Kjellmanii, CI.

Acijnanthes groenlandica, Grun.

Cocconeis antujua, Temp, and Brun, with varieties.

Cocconeis costata, Greg, with varieties.

Nitzschia distans, Greg.

Entoyyla australis, Ehr.

LicJunvp/iora Reichardtii, Grun.

Gravimatoplwra monilifera, Brun.

Melosira sol (Ehr.), Kutz.

Podosira maxima, (Kutz), Grun.

Idhmia enervis, Ehr.

Biddulphia ardica (Brightw.).

,,
Ottomulleri, Van Heurck.

Chxtoceras, sp., resting spores.

AdinoptT/dius undulatus, Ehr.

Aradmodiseus Ehrenhergii, Bail., var. indicus, Grun.
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" It is a very interesting mixture of Arctic, special Antarctic, and subtropical species.

There are also some others difficult to determine with certainty from the preparations

I have made so far, but I hope to be able to give you a final report soon.

"(Signed) H. H. Gran."

Terrigenous Deposits, particularly Glacial Muds and Clays.

The greater number of the deposits collected by the Scotia, including practically all

those obtained in the Weddell Sea south of the 60th parallel, are of terrigenous origin,

of the type which I propose to designate as glacial mud or clay. This is composed almost

entirely of material derived from Antarctic lands and distributed in the surrounding seas

partly in suspension in the water, partly through the medium of floating ice, especially

icebergs. In the Challenger report and map this deposit is not distinguished from

other Blue muds of terrigenous origin, and in my preliminary report on the deposits

obtained by the Scotia, published in the Scot. Geog. Mag., 1905, I also included it

amongst the Blue muds, pointing out, however, some respects in which it differed from

those surrounding non-glaciated lands, and, in particular, distinguishing certain samples

as approaching Red clays in some of their characteristics, although differing markedly

in others. Philippi, in his report un the deposits obtained by the Gauss, first proposed

the separation of this deposit from terrigenous deposits under the title " Glacialmarine-

ablagerung," basing his classification on the following main differences :

—

(1) Almost complete absence of CaCOg from the deposits.

(2) Small amount of organic constituents.

(3) Very unequal size of the mineral particles, especially of the coarser components.

(4) Character of the " fine washings "—these consist for the most part of exceedingly

fine "rock flour," whereas in the Blue muds proper they consist chiefly of amorphous

clayey material.

He says further that this marine glacial deposit consists essentially of a mixture of

the finest ooze with sandy and gravelly constituents with, here and there, large

fragments and stones. According to the size of the fragments and the preponderance

of one or other component, one may get an oozy or muddy sand or gravel, or an ooze

with sandy or gravelly constituents.

The deposit is in general the finer grained the farther it is from the ice edge and

the deeper the water ; only exceptionally within the pack-ice zone does it contain any

lime and is usually free from diatom frustules—facts all the more striking seeing that

the surface waters contain numerous Globigerinidae and diatoms in enormous numbers.

With this description I am, from my examination of the -Scotia deposits, in

substantial agreement. Some of these deposits are most aptly described as muds, but

many are unctuous tough clays requiring much rubbing to break them down in water.

In ordinary parlance they would undoubtedly be described as " clays," and although

microscopic examination reveals the fact that the finest constituents do consist for the

TRANS. ROY. SOC. EDIN., VOL. XLIX. PART III. (NO. 10). 90
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most part of minute mineral fragments or rock flour, produced by glacial action, there

is nevertheless a considerable amount of amorphous clayey material. I propose,

therefore, following Dr Philippi's lead, to separate this group of deposits from the

ordinary Blue muds and to designate them glacial clays, muds, or sands, according to

their physical characteristics.

The following table gives in grouped form the depth, colour, and composition of all

the marine glacial deposits obtained, with the exception of a few comparatively shallow-

water deposits, mostly from the neighbourhood of the S. Orkneys :

—

Mineral Particles.

No. Depth. Colour.
CaCOg.

Percentage.

Siliceous

Organisms.

Percentage.

Fine Washings.

Percentage.
Per- Mean Diam.

centage. in mm.

7 2250 Green-grey Trace

8 2739
>)

Trace Trace (Rad.) 5 6'\Q 95

9 2558 Trace (Sp.) 10 0-07 90

10 2587 Grey Trace Trace (Rad.) 10 0-08 90

11 2511
11 Trace

f 20

1 10

0-16

010
80 (upper portion)

90 (lower portion)

12 2452 Blue-grey 1 (Di.) 15 007 84

13 2488 Green-grey 5 15 0-10 80
14 2500

) J
Trace (Di.) 20 • • • 80

15 2425
J)

20 0-07 80
16 2500 Grey 2 12 008 86

17 2485 Dark grey Trace Trace (Sp.) 10 0-08 90
'18 2547 Blue-grey Trace (Di.) 15 0-08 85

19 2550 Grey >)
10 07 90

20 1956
))

1 (Sp.) 10 0-06 89

21 1775 Blue-grey 2 Trace (Rad., Di.) 70 0-25 28

26rt 2110 Brown-grey 1 10 (Di.) 60 013 29

30 2625 Brown Trace Trace (Rad.) 5 012 95

31 2630 Grey )) 3 0-09 97

32 2685
))

2 0-05 98

33 1131 Green-brown 2 (Sp., Di., Rad.) 20 0-17 78

35 2102 Brown-grey Trace (Sp.) 25 0-06 75

36 2338 ... • • • • .

37 2370 Green-grey Trace Trace (Sp., Rad.) 15 0-06 85

38 1410
>j 4 1 (Sp., Rad.) 20 0-07 75

39 1221
))

2 2 (Sp., Rad., Di.) 15 0-08 81

40 2620 Brown-grey Trace (Sp.) 20 07 80

41 2487
1)

(Upper 5|
\Lower IJ

)J 20 0-08 75

42 2660 Light brown
))

20 0'07 80

43 2715
}) M 5 007 95

44 2764 Grey-brown
>J

3

16-7

0-08 97

30 1

sainjilesj
2343 ... ... ... 009 82 (average)

It will be seen that the average depth from which these thirty samples come is 2343

fathoms, the greatest being 2764 fathoms, and the least 1131 fathoms.

Appearance.—The ground colour as brought up from the bottom is a slaty-grey,
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with a green, blue, or brown tone in different samples ; when dried, the colour is, as a

rule, much lighter, being a pale grey or dirty white.

Physical Characters.—The majority of the glacial deposits from the Weddell Sea

south of 60° S., are distinctly clay-like in character, being coherent, tough, unctuous

to the touch (although always containing more or less gritty particles), and requiring

a considerable amount of rubbing to break them down into their component parts for

microscopic examination. The deep-water deposits never had any smell of HgS when

brought up, but some of the muds from the shallow water of the enclosed bays of the

S. Orkneys had. When dried, these deep-sea glacial clays become hard ; they take a

lustrous polish when rubbed on the finger and leave a shiny streak on porcelain. The

tongue readily adheres to a piece of the dried clay, and there is a distinct clayey

odour when the mass is breathed upon. The clayey character is, as a general rule,

more pronounced the further one is away from the Antarctic continent.

This is so striking that in a former report [Scot. Geog. Mag., Aug. 1905) I

distinguished a group of these as approximating to Ked clays in some of their

characteristics. As one approaches the continent and the seaward edge of the inland

ice, the clayey character becomes less marked, the deposits becoming rather muds, but

even within a few miles of the ice-barrier, as at 72° 18' S., 17° 59' W., 1131 fathoms

(No. 33), there is still so much of the clayey character present that the deposit can

only be described as clayey mud.

In the samples from between 61° and 66° S., almost due south of the S. Orkneys,

there seems to be a rather erratic variation in the "mud-clay" distribution: No. 16

(from 65° 29' S., 44° 06' W., 2500 fathoms) being noted as the most clayey met with

up till that time; No. 17 (from less than a degree to the north, 2485 fathoms) is a

mud with very little clayey character; No. 19 (from 63° 51' S., 41° 50' AV., 2550

fathoms) is again a tough clay; No. 20 a mud; and No. 21 (from 62° 10' S., 41° 20'

W., 1775 fathoms) a muddy sand. The explanation of this irregular distribution is

not quite clear
;
probably it is connected with the drift of the icebergs out of the

Weddell Sea in its western portion, and may indicate proximity to land in the

neighbourhood of 66° S., 48° W., where Morrell in 1823 and Ross in 1843 reported

"appearance of land." No. 21 seems to be too far away from the S. Orkneys to have

its sandy character accounted for by proximity to them, although there is no other

obvious factor to explain it ; Nos. 22 and 23, on the other hand, pebbles and sand from

210 and 214 fathoms respectively, obviously, both from their physical character and

mineralogical composition, largely take their origin locally from the rocks of these

islands. The several samples of Nos. 24 and 25 are shallow-water sands and muds

from the S. Orkneys ; No. 26a (from 59° 43' S., 48° 10' W., 2110 fathoms), on the north

side of the S. Orkneys, is a sandy mud bordering on Diatom ooze.

For comparison with a Weddell Sea glacial clay I examined a sample of clay from

the Portobello brickfield, on the east side of the city of Edinburgh. This is, in ordinary

parlance, undoubtedly a clay and is a formation which has been laid down in the Great
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Ice Age as a glacial deposit in shallow water. In its physical characteristics and also

in the proportion of mineral particles contained, and microscopic character of the "fine

washings" (largely composed of rock flour), it proved to be practically indistinguish-

able from a typical Weddell Sea glacial clay. I have intentionally laid some stress

upon the clayiness of most of these deposits, because it appears to me from my readino-

of the Gauss reports to be more pronounced in this part of the Antarctic than in the

regions lying to the south of the Indian Ocean. The width of the marine glacial

deposit belt is certainly much wider to the south of the Atlantic than to the south of

the Indian Ocean. The greater concentration of the coarser mineral particles within

a narrower zone in the latter region would account for their being of a more muddy

or sandy character ; but in that region also, as one goes further from the inland ice,

the deposits become of a more oozy or clayey nature.

CaCO^.—Of twenty-eight of these glacial marine deposits, sixteen contained no

lime, five merely a trace, and seven amounts varying from 1 to 5 per cent. This

paucity or absence of lime is one of the features distinguishing these glacial deposits

from the ordinary Blue muds of terrigenous origin in which it is usually abundant.

Foraminifera are tolerably abundant in the surface waters, and the trawl showed the

presence of numerous living benthoic organ ism.s (fish, brittle-stars, niollusca, etc.)

containing lime in the glacial deposit area, so that its absence must be attributed to

a strong solvent action of the bottom cold layers of water. The samples which

contained small amounts of lime are irregularly distributed, and bear no obvious

relationship to the depth, position, etc. This patchy distribution of lime was also

noted by the Gauss, and a somewhat similar condition by the Valdivia. On the

latter expedition an area of peculiar Globigerina ooze was found between lime-free

Diatom ooze and Grlacial mud.

The principal calcareous foraminifera in these deposits is Globigerina dutertrei
;

others occurring are G. duhin, G. hidloides, G. pachyderma, Truncatidina wuellerstorji,

T. pygmcea, T. tenuimargo, T. tenera, Cassidulina suhglobosa, Pullenia spharroides,

Miliolina hucculenta, Clavulina communis, and Cristellaria convergens. Ostracod

valves were noted a few times.

Siliceous Organisms.—Of twenty-seven samples four contain no siliceous organisms,

seventeen a mere trace—and that more often sponge spicules and large radiolaria than

diatoms—five from 1 to 2 per cent., and one (No. 26a, bordering on Diatom ooze) 10 per

cent. The absence of diatoms is another of the remarkable features of these glacial

deposits, and one which has been already commented upon in speaking of the Diatom

oozes. The surface waters over these deposits simply teem with diatoms, but apparently

they are all carried ofli" northwards by an under-current set up by the melting ice, and

only sink to the bottom far beyond their region of maximum occurrence in life. Their

absence is as striking in the more northerly part of the glacial clay, where the

accumulation is presumably slower, as in the deposits from nearer the Antarctic

continent, where it is more rapid, so that mere hiding of the diatoms through rapidity

1



OF THE SCOTTISH NATIONAL ANTARCTIC EXPEDITION. 681

of deposition of rock debris will not explain their absence. To account for them being

so completely lacking until the Diatom ooze belt is reached, it seems necessary to

postulate that they sink more slowly than even the minutest mineral particles and

clayey matter constituting such a preponderating part of the glacial clays furthest

from the inland ice.

Another possibility is that the rock flour is liberated at such a depth below the

surface so as never to come to the same extent as the diatoms under the influence of

the north-going current which carries them off". It therefore sinks to the bottom before

the diatoms do.

Ago-lutinative foraminifera with a siliceous cement are common, and where a

large amount of material was available from the trawl they were often obtained in

large numbers.

Minerals: (I) Rocks.—The trawl frequently brought up large quantities of rock

fragments varying in size from fine gravel up to boulders weighing two cwts. or more.

The larger boulders are mostly sub-angular in shape, exactly like those which occur in

boulder clays, and they frequently show glacial striae; the smaller fragments may be

either rounded or angular. A number of the rock specimens have part of their surface

clean and fresh, and part coated with a brownish stain of manganese or iron oxide ; the

shape indicates that the latter part has been embedded in the bottom mud, while the

former has projected into the overlying bottom water. The association at one spot,

along with fine-grained mud or clay, of rock fragments which, according to their size,

if assembled together would be called boulders, shingle, gravel, or sand, is one of the

characteristic features of the glacial deposits, dependent upon their mode of formation.

In all other terrigenous deposits, not influenced by ice, the size of the component

particles at one place is pretty constant, all lying close to a certain average, which gives

the deposit at that place its peculiar character : gravel, sand, mud, etc. But this is

not the case with the glacial deposits, for the grain size, when the larger constituents

are taken into account as well as the finer, at any particular locality follows no such

rule but shows the utmost variation. This is to* be accounted for readily by the mode

of formation of these deposits. Most of the material composing them probably comes

off the Antarctic land as "ground moraine," along with the inland ice-sheet or glacier

tongue protrusions thereof, forming a thick layer or sole to the bergs as they break off:

A smaller amount will be frozen in more deeply in the bergs—surface morainic material

or ground morainic material which has risen passing some sub-glacial obstruction. As

the bergs melt, this material is set free and deposited, the finer-grained debris probably

drifting a considerable distance in suspension before it finally settles down on the

bottom. Close to the Antarctic shores the glacial deposits are undoubtedly richer in

the larger materials, as a great part of the " bottom moraine " is probably liberated very

early, perhaps even before the bergs actually calve off the parent ice-sheet ; whilst those

deposits far off from land and in deeper water contain proportionately much larger

amounts of fine-grained material, but in both situations the intimate admixture of large
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rock fragments and coarse mineral particles with fine-grained particles is typical of the

glacial deposits. We had not on the Scotia, unfortunately, an opportunity of making

a haul with the dredge in the shallow water off the ice-barrier at Coats Land ; a direct

examination of the material accumulating at the face of the barrier would be of the

greatest interest.

A considerable variety of rocks occurs amongst these larger specimens ; but by far

the most common are metamorphic gneissic and schistose rocks, granulites, quartzites

amphibolites, portions of acid and basic veins of banded gneiss, coarse granitoid forms,

garnetiferous gneiss, mica and chlorite schists, cleaved phyllitic slate and hornfels.

Igneous plutonic rocks, fairly abundant, are represented chiefly by granites, a few

pieces of gabbro and diorite ; volcanic rocks, not very abundant, chiefly by basalts, also

by pumice, some pieces of tuff, trachyte, andesite, rhyolite, quartz dolerite, and—of great

interest in conjunction with the Cambrian fossils—a characteristic spilitic basalt. Of

sedimentary rocks there occur several varieties of sandstone, shale, slate, greywacke, a

clay concretion from limestone, and pieces of limestone one of which is of particular

interest, containing several species of that peculiar fossil form Arcliaeocyathina.

This find, although not in situ, points to the probable occurrence of Cambrian rocks on

this side of the Antarctic similar to those in which these fossils were found on the

Shackleton Expedition in Victoria Land. The general facies of the rock fragments,

however, presuming that they come from the land to the south of the Weddell Sea,

indicates the presence there chiefly of metamorphic rocks allied in character to those

occurring on the western side of Graham Land (9) and to the gneisses of S. Victoria

Land (10).

(2) Smaller Mineral Particles.—The smaller mineral particles obtained from the

ordinary samples of deposit as brought up by the sounding-tube and including every-

thing down to 0"05 mm. in diameter, and a certain amount of even smaller fragments

(down to about 0'02 mm.), constitute on an average 16'7 per cent, of the deposit, the

figure in the great majority being between 10 and 20 per cent. In one sample of

pure glacial deposit (No. 21), whose peculiar sandy character is referred to in describ-

ing the physical characters of those deposits, the percentage rises to 70, whilst in six

it falls to 5 per cent, or less. All these six lie in the portion of the Weddell Sea

furthest from land, within the area I described in my preliminary report as Blue mud

approximating in some respects to Red clay. The mean diameter of the mineral

particles in the various samples works out on an average at 0"09 mm,, the means

varying between 0'05 and 0'25 mm. Although the sample (No. 32) with the smallest

percentage of mineral particles is also the one with the lowest mean diameter of the

particles, it cannot be said that all over there is very much difference in the average

size of the smaller mineral particles, between the samples comparatively close to land

and those far from it ; there is certainly not the same marked contrast as there is in

the amounts of the mineral particles.

Some of the mineral particles are well rounded, particularly the larger ones, and on
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a few glacial striae are to be seen ; but sub-angular and angular particles are just as

common.

The majority of the grains, like the larger rock specimens, are of "continental"

origin—quartz, felspar of various kinds, and green hornblende being the commonest.

Fairly common also are biotite and magnetite, many others in less abundance.

Volcanic glass and minerals of volcanic origin are widespread, although not abundant

;

they are distinctly relatively more numerous in the specially clayey deposits in the

part of the Weddell Sea furthest from land, and it is noteworthy that these same

samples show the presence of a little palagonite—a point in which they resemble the

abyssal Red clays. Philippi points out that the absence of palagonite from these

deposits is one feature of distinction from the Red clays, he not having found any in

his samples. The palagonite particles I have seen are certainly very small, nothing,

in size or amount, like those in which it occurs in the true Red clays, and it is only

present in a few of the samples from the deepest portions of the Weddell Sea, and

those furthest from land, where the deposit is of more pronouncedly clayey character.

Manganese is common as a thin pellicle or coating staining the surface of many of

the rocks and smaller mineral particles of a brownish colour ; but manganese nodules,

such as occur so plentifully in the Red clays, do not occur. A few small manganese

grains occur iu some of the samples, but only of minute size and very sparingly.

Glauconite is present in a few samples, but also very sparingly, and when present is

usually in the form of casts of foraminiferal shells.

Fine Washings.—The composition of the " fine washings," i.e. that portion of the

deposit which is removed by the first decantation after the sample has been completely

broken down into its constituent parts by stirring and rubbing in a considerable

quantity of water, is one of the most characteristic features of the glacial marine

deposits. They are to a very large extent made up of minute mineral fragments, the

finest " rock flour " produced by the abrading action of the Antarctic inland ice, although

there is also always a certain amount of amorphous clayey material. These are

practically the only two constituents of the fine washings of the glacial deposits,

particles of siliceous organism being so scanty as scarcely to come into consideration.

In my estimate of the amount of fine washings I include under the heading of " Minute

Mineral Particles" everything under 0'02 mm. in diameter along with a certain variable,

but usually small, amount of those between 0'02 and 0*05 mm. In twenty-nine samples

the average percentage of the fine washings is 82. Two samples (Nos. 21 and

26a, one a sandy deposit from 1775 fathoms ; the other a deposit bordering a Diatom

ooze) give a figure of under 30; six of 95 per cent., or over: all samples from that

portion of the Weddell Sea furthest from the Antarctic continent ; the remainder are all

between 75 and 90. An estimate was made—it is nothing more—that if under the

heading " Mineral Particles" all particles down to 0*005 mm. were included, the average

percentage of these would be nearer 70 than 167, as it is recorded; and even then the

remaining fine washings would not be all amorphous clayey matter, but would still
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include very minute fragments of minerals. There is, however, a sufficiency of clayey

material in practically all the glacial deposits of the Weddell Sea, and more so in some

than in others, to give them the gross character of a clay ; and, as already mentioned,

their microscopic constitution is indistinguishable from the clay of the Portobello brick-

field, a shallow-water glacial deposit. This character also serves to differentiate them

from most Blue muds or terrigenous deposits laid down uninfluenced by the action of ice,

some of which may be described as clays, but the majority are rather earthy than clayey

in character.

The clayey nature, both microscopically and in its gross characteristics, is distinctly

more pronounced in the deposits from the deeper and more northerly portions of ths

Weddell Sea furthest from the Antarctic inland ice. The colour of these tends to be

of a brown shade of grey rather than the more common green or blue-grey of the others
;

they are more unctuous to the touch, very tenacious, and require more rubbing to break

them down for microscopic examination. Their mineral particles amount only to from

2 to 5 per cent., whilst their fine washings constitute from 95 to 98 per cent, of the

whole deposit, and of this a greater amount than elsewhere consists of amorphous clayey

material, although even here that plays a much smaller role quantitatively than "rock

flour." The different character of this group is so marked that in my preliminary

account of these deposits 1 distinguished this area as one of " Blue mud approximating

to Red clay in some of its characters." The points in which they resemble Red clays

are (l) tough clayey character; (2) brownish colour
; (3) paucity of mineral particles,

those present consisting more largely of volcanic minerals
; (4) occasional presence of

palagonite
; (5) absence of lime. I would not now, however, press this resemblance,

although having drawn attention to it has served to emphasise the change in type of

the glacial deposits with increasing distance from the land whence their constituent

parts are drawn. The points of difference from a true abyssal Red clay are obvious

enough, more particularly—as I quite recognised and pointed out at the same time—the

character of the fine washings. These are not predominatingly clay as in the Red clays,

but land-derived mineral particles, the finest rock flour resulting from the grinding and

abrading action of the Antarctic ice-sheets and glaciers.

This rock flour from the ground moraine of the Antarctic ice-sheets is probably

liberated largely within a comparatively short distance of the land, although a certain

amount embedded more deeply in the lowest portion of the bergs is doubtlessly only

set free further north as melting of the berg ice proceeds. Suspended in the water, it

is carried for great distances before it settles down ; but naturally the finest particles

remain in suspension longest, and it is therefore only these that are found in the area

furthest from Antarctica, although rocks and some mineral particles are to be expected

as the result of immediate deposition by the setting free of deeper contained debris as

the bergs are melting in lower latitudes. Sea-ice plays very little part in the dis-

tribution of the material making up these glacial deposits.

To sum up, the terrigenous deposits of the Weddell Sea may be distinguished from
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the Blue muds of terrigenous origin laid down in oceans free from the influence of ice,

under the term "glacial deposits," on account of:

—

(1) The absence or paucity of lime in the deposit.

(2) The scarcity of organic constituents.

(3) The very irregular size of the mineral components, especially the larger pieces.

(4) The peculiar character of the " fine washings," chiefly rock flour.

The lime poverty is probably due to a strong solvent action of the bottom water.

The scarcity of diatoms, so numerous in the surface waters, is particularly striking,

and is probably to be accounted for by their being swept off northward by currents

which are set up by the melting of the sea ice.

Distribution by icebergs is responsible for the irregular size of the mineral constitu-

ents of these deposits.

Despite the irregular distribution of the mineral constituents, the glacial deposits

are, on the whole, the finer grained, the further they are from the Antarctic continent.

In the Weddell Sea the glacial deposits are chiefly clays and muds, rarely sands.

Those most remote from the Antarctic continent are the most clayey and approach the

abyssal Red clays in some respects, but can always be difi'erentiated by the excess of

" rock flour " over true clay.

The rock flour resulting from glacial abrasion, which constitutes the greater part of

the " fine washings," reaches its destination largely in suspension.

Further information is required as to the sinking rates of rock flour and of diatoms,

and also as to the currents set up by the melting of sea ice within the pack-ice zone

to account for the comparatively sudden transition on the northern border of the

glacial deposits (in the Weddell Sea area) from diatom-free glacial clay to Diatom ooze

containing comparatively little rock flour.

Chart of Deposits.

This is based upon the information gathered by the Scotia, the map in the Challen-

ger volume on deep-sea deposits, Murray and Philippi's report on the deposits of the

Valdivia, and Schott's atlas (11). Some slight changes are made upon my chart

published in the Scot. Geog. Mag., 1905

—

e.g. the deletion of the special area of " Blue

mud approximating to Red clay "—since, although the special characters of the glacial

deposit in this area are still insisted upon, it is now more clearly recognised that these

characters are due to the greater distance of this area from- the inland ice and that the

clay of this area is simply the finest grained type of glacial deposit. There are also

some alterations in the zone between S. Georgia and Buenos Ay res, consequent upon

the preliminary information received from Dr Heim of Lieut. Filchner's Expedition.
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XI.—The Corals of the Scottish National Antarctic Expedition, By J. Stanley

Gardiner, M. A., F.R.S., Professor of Zoology and Comparative Anatomy in the

University of Cambridge. Communicated by Dr J. H. Ashworth.

(MS. received May 14, 1913. Read July 7, 1913. Issued separately September 1, 1913.)

The collection of Scotia corals is naturally small, since the main work of the Scottish

National Antarctic Expedition was in high Southern latitudes, but, during the outward

and homeward journeys of the Scotia, collections were made, when opportunity pre-

sented itself.

The species are interesting distributionally, but their soft parts are largely decayed.

There are five species, of which one is a known species ; three dead masses, generically

determinable ; and the last, a new species, which may in future prove of even greater

interest than at the present time.

Madracis scot las, n. sp. (figs. 1 and 2).

Colony branching and anastomosing, stems 2-5 mm, in thickness.

Calicles studding the surface, with no determinable arrangement, rising as distinct

flattened cones, the largest varying from '5 to 1"5 mm. high. The surface between is

conspicuous, as the cones are generally at least their diameter from one another, and in

places two or three times this distance (1-3 mm,) ; it is finely granular.

Fig. 1. Fig. 2.

Madraois scotise, n.sp. Fig. 1, Corallum, natural size; fig. 2, Calicle, enlarged.

The calicular opening varies up to 1*2 mm. in diameter, and is round. Above it

project the slightly exsert upper edges of the septa ; costse are not distinguishable.

The septa are 8 in number, and extend as straight partitions to the centre of the

calicle, where they fuse to the columella, which consists of a single upstanding rod.

In section, horizontal partitions are seen extending across the interseptal chambers,
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Such sections also mdicate that the corallum thickens by deposition of carbonate of

lime on the surface, not within the chambers.

Xoco^%.—Station 81, lat. 18° 24' S., long. 37° 58' W., Abrolhos Bank, 36 fathoms,

20th Dec. 1902 ; two pieces of probably the same colony. The genus is recorded by

Milne Edwards and Haime from Reunion, 25 fathoms {Madracis pellana, Ycxlenciennes).

The specimen is very different from any previously described form, both in its raised

calicles and in the considerable distance which separates them, i refer it to Madracis,

but I cannot regard this identification as satisfactory without an examination of the

polyps ; indeed, I suspect its polyps will prove it to be the type of a new genus.

Desmophyllum sp. ?

A small horn-shaped corallite, bent in the middle, over 20 mm. high by 5-6 ram.

across the calicle, cannot be referred to any known species. There is only one system

of the calicle complete, the rest having been broken into. The septa number 48,

of which 12 deep down in the corallite have trabeculse fusing to some slight degree

with one another. The specimen is stained brown on the outside.

Locality.—Station 542, Princesse Alice Bank, lat. 37° 56' N., long. 29° 11' W., 350

fathoms, 4th July 1904.

Caryophyllia profunda, Moseley.

MosELEY, Report on the Corals, " Challenger" Expedition, p. 138, pi. I. fig. 6, a, b (1881).

Three complete specimens 30-34 mm. high, three further specimens with broken

stems but calicles complete, and broken fragments. Calicles varying from 16x14 mm,

up to 24 X 21 mm. in diameter.

I have compared the specimens with the types of Caryophyllia profunda, Moseley,

in the British Museum ; the latter consist of about twenty specimens, including two large

masses grown together as represented in the excellent figure on plate 1. referred to above.

The present specimens agree with the type in shape, and some of them, as are some of

the types, are coloured brown on the outside, with perhaps a darker ring near the edge

of the calicle. The costse are rather more marked in the larger specimens ; all have a

peculiar shiny appearance on the outside of the corallite, and in no specimens do the

costse extend to the bases of attachment. The septa vary from 80 to 96 in number,

and the pali in correspondence vary from 20 to 24 plates. The columella consists

of twisted ribbons freely anastomosing underneath, the whole forming an oval-shaped

mass varying up to one-third the length of the calicle, and generally being rather

more than twice as long as broad. The regular arrangement of the ribbons in a line,

as represented in Moseley's fig. 6a, is not typical either of the type specimen or of

the forms under consideration.

The type specimens, taken as a whole, differ from the present specimens in being

rather larger and more robust, viz. in having thicker septa and pali, coarser ribbons

to the columella, and slightly more exsert septa. The type specimens show great

variation, but individual specimens of the two collections agree in all particulars.
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XocaZ%.—Station 461, off Gough Island, lat. 40° 20' S., long. 9° 56' 30" W., 100

fathoms, 23rd April 1904. Marenzeller, "Valdivia" Report, p. 298, records a

number of specimens from Station 167, New Amsterdam, 496 m. deep. The Challenger

specimens were obtained off Tristan da Cunha, 100-150 fathoms.

The species, in its number of septa and pali and in the characters of its columella,

resembles both Caryophyllia cyathus (Ell. & Sol.) and Caryophyllia clavus, Sacchi.

MosELEY remarks that it differs from C. clavus in having fewer and less equally promi-

nent costse, and in the greater abundance of its epitheca. C. clavus generally has a broad

base of attachment, while C. cyathus is horn-shaped. Authentically named specimens

of C. cyathus and C clavus in the British Museum scarcely help in elucidating the

differences ; they are smaller and less robust in the sense given above. If the three

really form one species, it seems certain that different localities have their special

growth-forms, such as var. smithii (Stokes) off Devon and Cornwall, the Antarctic

form under consideration, etc.

A large specimen reputed to be C. clavus, in the British Museum, from the Caribbean,

is of interest as its pali converge towards each other in pairs over the tertiary septa,

a character which 1 do not recollect having seen in any other Caryophyllia. It was

almost certainly so named by Duncan himself. The fragments mentioned by Moseley,

p. 139, from Cape Verde Islands, are much closer to the ordinary forms of cyathus than

oiprofunda.

Amphihelia sp. ?

Marenze]>ler {"Valdivia" Expedition, Bd. vii., T. xiv., 1904) and Duncan {Trans.

Zool. Soc, pi. 45, fig. 1, 1873) give admirable figures of the mode of growth of Amphi-

helia oculata (LinnsBus). The specimen before me is the basal anastomosing part of

such a colony as represented in the above figures, with similar tubular prolongations.

It was dead when obtained, and it is so much corroded that the species must be

regarded as uncertain.

The specimen comes from Station 542, Princesse Alice Bank, lat. 37° 56' N., long.

29°11''W., 350 fathoms, 4th July 1904. The genus has been recorded many times

from Northern oceans, but it was not obtained either by the Challenger or Valdivia

Expeditions in Southern seas. The present record indicates that it is a cosmopolitan

genus.

Solenosmilia sp. ?

A mass of dead material from Station 542, Princesse Alice Bank, lat. 37° 56' N.,

long. 29° 11' W., 350 fathoms, 4th July 1904, belongs to this genus, but I am not sure

whether one piece is not Lophohelia ; the whole is very badly corroded.

The species is probably the cosmopolitan S. variabilis, Duncan, originally described

from N. Atlantic material. The Challenger records it from Tristan da Cunha, 1000

fathoms, Prince Edward Island, 310 fathoms, and Ascension Island, 42 fathoms. The

Valdivia obtained it off the west coast of Portugal, 2200 m., and off the entrance

to the Mediterranean, 1300 m.
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XII.—Studies in Floral Zygomorphy. I. The Initiation of Staminal Zygomorphy.

By John M'^Lean Thompson, M.A., B.Sc, Assistant in Botany, University of

Glasgow. Communicated hy Professor F. 0. Bower, F.R.S. (With Two Plates.)

(MS. received December 16, 1912. Read January 20, 1913. Issued separately September 20, 1913.)

In the quest of phyletic lines, biologists who have based their opinions on the

widest field of observation and comparison known to their age have often felt that the

position which they have assigned to any organism within its own affinity may be

given to another by later systematists.

The origin of this uncertainty of systematic position is not to be found in a fore-

boding that the immediate descendants of an organism, now considered relatively

simple, may suddenly acquire characters which will justify changes of position in the

atfinity. It is to be found in the biologist's avowed ignorance of the relative value of

the characters by which he judges, and in his belief that much which is important has

escaped his observation.

It has followed that, according to the varied estimates of each character, so have

been the correlations on which systems have been founded. Further, the more the

observer foresees errors which may arise from the consideration of characters as isolated

things, the greater has been his felt need of developmental knowledge, for it has seemed

that by the developmental study of each part of an organism, and by the correlation

of these developments, a reasonable estimate of the condition of any part—during

development and as a functioning organ—may be formed.

The limits within which this method has been followed are narrow, but a check has

been put upon any opinion, since, for each departure in form or function of any part

from that which the observer conceives to have been peculiar to the equivalent part

in the ancestry, modifications have been sought in the closely related parts. These

modifications are likewise recognised by comparison of those parts with their equivalents

in the pictured ancestor.

Morphologically, these alterations may be slight.

On the other hand, the observer may record no modification in form, but, when an

organism is considered developmentally as an assemblage of parts each of which has

reached a definite morphological stage at any point of time, a developmental study may
suggest some alterations in the intervals of time which separate successive develop-

mental stages in any part, and point to disturbances in the order of part-development.

Here again the modifications outlined are recognised after comparison of the

developniental-time-intervals and order of part-development with those believed, by

the observer, to have been peculiar to the immediate ancestry.
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It is by this method that a floral receptacle on which arise floral parts, in an order

departing slightly from an acropetal succession, has been shown to have been recently

represented in the ancestry by a receptacle to which a strictly acropetal order of

floral-part development was peculiar.

Support for such an opinion is sought in the existence of flowers with acropetally

arising floral-part-primordia, among forms held to be of near affinity to those dealt with.

There are here two assumptions : first, that the organisms, with which present

forms are compared, existed ; and second, that even if they did exist, the organisms now

dealt with were derived from them.

These assumptions may often have been unavoidable, but the opinions formed have

as a rule been accepted only when suj)ported by the results of comparisons between

living organisms—and, where possible, between fossils—believed to be closely related

to the organisms immediately considered.

Still, the element of uncertainty remains, and cannot be greatly reduced until a wide

knowledge is obtained of the actual development of each systematic character.

The examination of a single character possessed by a group of organisms already

systematised shows that, while in some members of the group the character is well

marked, in others it is but little developed. Should any of the organisms possess the

character in so slight a degree as to off"er an opportunity for the study of the actual

initiation of the character, the observer is provided with the best material available

with which to begin a developmental study. The outcome of such a study will be

a knowledge of details, the determination of the point at which the character appears,

and, if possible, a recognition of the consequences of its initiation in the organism.

It does not follow that the initial step in the evolution of the character in the ancestry

of the related organisms was identical with that described, but the observer is at least

provided with actual facts with which others can be compared.

It has seemed advisable to prefix these remarks to the following observations, which

are intended to form an introduction to detailed statements of the evolution of floral

zygomorphy in various affinities.

It has been customary to consider the Angiospermic flower from the point of view

of Symmetry, for it has seemed that a knowledge of the degree of symmetry of flowers

is necessary to the proper conception of floral mechanism.

An examination of any flower from this standpoint may be guided by a recognition

of the importance of definite stages in development of the mechanism, and should be

directed by a clear conception of the function, and time of functioning, of each part.

A calyx may be protective during the bud stages, and may be shed when the flower

has expanded. In some cases sepals perform a double function. In the bud they are

protective, but they persist, and become petal oid in the expanded flower. The outer

perianth-segments may have fallen, and the petals may have been expanded for some

time before pollen is liberated from the anthers, or the stigma is receptive.

At what stages, then, is the symmetry of a flower to be determined ? The answer
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to this question seems important, for, if the observer delays his consideration until the

petals are expanded or the anthers dehisce, he cannot claim to have fully determined

the symmetry of the flower.

The time of anther-dehiscence or receptiveness of stigma may be given a prominent

place in a consideration of symmetry, but from the developmental standpoint all stages

in the development of a flower as a mechanism are important.

On the one hand, then, a flower may be considered Actinomorphic, when, in the

expanded condition, all members of each cycle of floral parts are^—for all practical

purposes— of the same size and form, and in the same condition, at any point of time.

On the other hand, the student of floral development will not regard as actinomorphic

a flower, in the development of which it has been found that all members of each cycle

are not of the same size and form and not in the same condition at any point of time.

It is to be remembered, however, that all the primordia of a given cycle of floral

parts may not arise simultaneously on the receptacle, and that in the later stages

inequalities of part size in the perianth may be associated with the aestivation.

Segregation of spore-mother-cells in equivalent parts in all the anthers of a stamen-

cycle may not begin simultaneously, and the formation of the fusion nucleus in all

ovules at one level may not be accomplished at the same moment.

It is not proposed to consider as other than actinomorphic a flower in which are

observed only those departures from absolute precision ; but when it is shown that there

is initiated a definite tendency in any member of a cycle of floral parts to reach

a developmental stage in advance of the remaining members, or to have the attainment

of any developmental stage delayed, the flower in which this is observed is, in my
opinion, to be considered Zygomorphic.

Even when the results of such tendencies are counterbalanced at a later stage, the

flower is to be regarded as zygomorphic.

The grounds on which these opinions are based will now be given.

In November 1911 the Melianthaceous (Eng. and Prnl.) plant Greyia Sutherlandii

(Hook, and Harv.) flowered under glass in Glasgow Botanic Gardens. The expanded

flowers were for the first time examined by the writer on account of the great length of

the stamen-filaments. It was at once evident that, although the ten stamens formed a

single cycle with a very slight tendency to difi"erentiate into two alternating cycles of

five, no two undehisced stamens, in any one expanded flower examined, were of the

same length (fig. 1).

For all practical purposes the filament-bases were on one level, and the anthers

were of uniform size. The diff"erences in stamen-length were, then, due to inequalities

of filament-length. But although the stamens were not of equal length in any young

expanded flower, no corresponding marked inequality was observed in the perianth. In

some flowers the right anterior lateral sepal was slightly longer than its neighbours,

and the right anterior lateral portions of the corolla and staminal disc were slightly

larger than the remainder. The flowers were viewed from the adaxial side.
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Further, the maximum length of stamen-filament was attained immediately before

the anther dehisced, and all filaments in each flower examined reached a practically

uniform maximum length. Thus a stamen, which in an earlier stage of the flower's

development had been much shorter than its neighbours, at a later stage came to equal

them in length. That is to say, that anthers which in the undehisced condition had

been at various levels, due to inequalities of filament-length, were all, at dehiscence,

found to stand on the same level, and thus the zygomorphic condition of the androecium

which had dominated the earlier stages of development was replaced by a seeming

actinomorphy at a later stage (fig. 11). That this is not a true actinomorphy will be

apparent when it is remembered that although, at some point of time, all ten anthers

may display pollen at the same level, nevertheless they did not dehisce simultaneously.

It may be mentioned at this point that the flowers were incompletely protandrous,

and that the majority of the anthers had dehisced before the stigmatic surface was

exposed.

An examination, then, of expanded flowers alone provided the following facts. In

the early stages the perianth was practically actinomorphic or only slightly zygo-

morphic, but the andrcecium was very markedly zygomorphic. In the later stages the

actinomorphic or slightly zygomorphic condition of the perianth was maintained, but

the staminal zygomorphy was reduced as dehiscence advanced.

The condition of some of the floral parts in the bud stages is now to be described.

With regard to the perianth, it will suflice for the present to state that, in the bud,

both calyx and corolla were found to be markedly zygomorphic, but that, as the flowers

expanded, this zygomorphy was entirely or greatly reduced, so that, in the opened

flowers, the perianth was entirely or almost actinomorphic.

The condition of the staminal disc need not be discussed at present, but certain

stages in the development of the androecium will be described.

At an early stage the androecium was found to be actinomorphic. The stamens

were of equal length, each consisting of an anther and a very short filament. Soon,

however, a slight inequality in filament-length was perceptible, and, as a consequence,

the stamens were difl'erentiated into two groups of five, five with longer and five with

shorter filaments. The anther size, however, remained uniform. The posterior stamen

was short, the anterior stamen long, and the androecium as a whole consisted of alter-

nately long and short stamens. Scarcely had this diff"erentiation of stamens been com-

pleted when a further modification was introduced, for it was found that the filaments

were elongating with increasing rapidity as one passed from the posterior stamen,

anteriorly.

The maximum rate of filament-growth was realised in the anterior stamen, the

minimum in the posterior.

Morphologically, this eventuated in the production of an antero-posteriorly zygo-

morphic androecium (fig. 4).

Immediately previous to the initiation of this zygomorphy the length of the
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posterior stamen had been equalled by that of four other stamens. Those latter had,

however, outstripped the posterior stamen, and had differentiated into two pairs, of

which the more anterior were the longer (fig. 3).

On the other hand, the greatest elongation had taken place in the anterior stamen,

and the four stamens which, in the preceding stage, had equalled it in length, were

differentiated into two pairs, of which the more posterior were the shorter (fig. 5).

The stamens were then divisible into two groups of five—the one group anterior,

the other posterior—and, when this zygomorphy had been completed, the shortest

stamens of the anterior group possessed filaments of greater length than the longest

members of the posterior stamens.

This condition of the androecium was, however, not long maintained, for a lateral

zygomorphy was initiated (fig. 8).

It should be mentioned at this point that the flowers were borne in racemes, and

that, passing from the lower and first-formed flowers to those higher and later-formed,

a marked increase in the degree of this lateral zygomorphy was traced both in the bud

and in the expanded flower.

During the development of the antero-posterior zygomorphy, the maximum rate of

stamen elongation was reached by the anterior stamen ; but, with the initiation of

the lateral zygomorphy, the most rapid elongation was no longer performed in this

stamen, but in those immediately to the right side of it, the flower being viewed

adaxially. In the lower or first-formed flowers the maximum rate of elongation was

maintained until dehiscence by the stamen immediately to the right of the anterior one ;

in the higher and later-formed flowers it was attained by the stamen second on the right.

Transitional conditions existed.

The immediate result of this new zygomorphy was the production of an asymmetric

androecium (fig. 8). Previous to its initiation the stamens had possessed one plane of

symmetry, and for each of the four stamens on the left of this plane a stamen was

found on the right of the plane of symmetry, in a similar position, and equalling it in

length (figs. 3, 4, and 5). In the later asymmetric condition, however, elongation had

become more rapid in the four stamens which had stood on the right of the plane of

symmetry—the flower being viewed from the posterior—and this increase in rate of

growth reached a maximum in one of the two stamens immediately to the right of the

anterior one (figs. 8, 9, and 10). With the introduction of the laterality, the equality

of length by which the stamens had been paired no longer existed, and thus, in

each expanding bud examined, the lateral zygomorphy was developed to a greater

or less extent.

In late-formed buds—borne high on the raceme—the new zygomorphy made its

appearance at an earlier stage, and became more pronounced than in earlier-formed

flowers.

The condition of the androecium—shortly before the opening of the bud—in certain

of the flowers borne high on the raceme is represented in fig. 15. An examination
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of the perianth at this stage showed that the lateral zygomorphy, so pronounced in the

earlier stages, had been greatly reduced.

Its maximum reduction or complete obliteration was accomplished as the flowers

expanded.

The condition of the perianth in its earliest stages will not be described in detail at

present, but it should now be stated that, in the flowers which were examined, lateral

zygomorphy was initiated in the perianth while the androecium was still actinomorphic.

An examination of buds and expanded flowers of Greyia Sutherlandii provided, then,

the following facts. At a very early stage the perianth was laterally zygomorphic, the

androecium was actinomorphic. Soon, however, antero-posterior zygomorphy appeared

in the stamens, and the initiation of lateral zygomorphy followed. By this time the

petals had greatly outgrown the sepals, and their lateral zygomorphy had attained its

maximum. The zygomorphy of the corolla was greatly reduced or obliterated as the

flowers expanded, but the staminal zygomorphy was accentuated. This staminal zygo-

morphy likewise reached a maximum, and was in turn reduced, as anther dehiscence

advanced.

In fig. 1 an expanded flower, borne high on the raceme, is represented. It is

viewed from the posterior left side. The perianth is but slightly zygomorphic. The

second-longest stamen is the anterior one ; the shortest, the -posterior stamen. The

longest stamen is second to the right of the anterior one. Its anther has dehisced, and

its filament has reached its maximum length. Fig. 2 represents the same flower in

outline, and a dotted line has been drawn touching the anthers of the five stamens

which formed the anterior group in the early stages of the bud. The stamen to the

right of the posterior one is slightly shorter than the anterior stamen, and its anterior

neighbour almost equals in length the third-longest stamen of the anterior group.

The extreme left stamen of the posterior group is almost equalled in length by the

left neighbour of the anterior one. It will be remembered (figs. 3, 4, 5) that at an

early stage in the bud the slioi^test stamens of the anterior group possessed filaments

of greater length than those of the longest posterior stamens. But in the expanded

flower the majority of the posterior stamens are, at this stage, superior in length to the

shortest anterior stamens.

Fig. 6 represents a later stage. The flower is viewed adaxially. Practically no

elongation has taken place in the posterior stamen, but the anterior stamen, and its

neighbour on the right, have reached the maximum length—previously attained by

the extreme right member of the anterior group—and their anthers have dehisced.

The stamen to the right of the posterior one has almost attained its maximum length.

Fig. 7 represents the same flower in outline, and a dotted line has been drawn,

touching the anthers of the five posterior stamens.

So far, anther dehiscence has been confined to the anterior group.

While these changes were taking place in the androecium, the style had been elongat-

ing, and, at the stage about to be described, its top portion had curved slightly to the
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right—the flower being viewed from the posterior side—and the stigmatic surface was

exposed. In the later stages the condition of the androecium was remarkable.

A flower with eight fully grown stamens—^ whose anthers have dehisced— is

represented in fig. 11. Of the remaining stamens, one is almost fully elongated, but

the other is still very short. The latter is the posterior stamen, the former the

extreme left member of the posterior group. The pollen has been almost entirely

removed from seven of the dehisced anthers. The stamen whose anther still displays

pollen in quantity was the eighth to function, and is the extreme left member of the

anterior group. The same flower is represented in outline in fig. 12, and a dotted line

has been drawn joining the posterior stamens. Numbers have been placed over the

anthers, indicating the order of dehiscence.

The later conditions of the stamens need not be described in detail. It will suffice

to state that, sooner or later, the anthers of the two stamens whose elongation had

been delayed most were carried up by filament elongation to the level previously

reached by the others, and there dehisced.

Thus, in the end, the anthers which had stood on one level at a very early stage in

the bud were found, when all had dehisced, to be again on one level.

Morphologically, the staminal zygomorphy had been obliterated. The order of

stamen elongation in figs. 1, 6, and 11 is indicated in figs. 21, 22, and 23 respectively,

and circles have been placed round the numbers indicating stamens whose anthers had

dehisced.

It was at first expected that an anatomical examination of the anthers of those

flowers in which the zygomorphy was pronounced would reveal differences in the

condition of the anther-walls, the pollen-grains, or the connectives. No differences

were observed in the anthers of expanded flowers, or even in young buds in which the

antero-posterior zygomorphy had just been initiated. In all those it was found that the

pollen-grains were apparently perfected, and the mechanism of the anther-walls laid

down. The main internal details of the anthers had apparently been completed while

the androecium was still actinomorphic. The only evident difference in the stamens

was in the length of the filaments.

It should be mentioned at this point that the lateral zygomorphy made its

appearance in the later-formed flowers, before the antero-posterior zygomorphy had

had an opportunity to become pronounced. In figs. 28 to 33 this point is demonstrated.

These diagrammatic figures represent a series of transverse sections through a very

young flower-bud. The gynoecium and androecium alone are represented.

Section I. passes through the lower portions of the united carpals, and the stamen-

filaments. Section 11. was taken a little higher in the flower, and the basal portions

of two anthers have been traversed. The stamen whose four anther-lobes are

represented is the posterior one. In Section IV., taken still higher, six anthers are

represented. Five of these belong to the posterior stamen-group. A section inter-

mediate in position to Sections II. and IV. is represented in fig. III. Eight anthers
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have been traversed in Section V., which was taken immediately below the style;

and in fig. 33, which depicts a section, VI., passing through the style, nine

anthers are represented. The naked filament belongs to the right neighbour of

the anterior stamen. The naked filament was that of the stamen which was longest

at this stao-e.

It will be remembered that, when the lateral zygomorphy had become distinctly

marked in all fiowers previously examined high on the raceme, the extreme right

stamen of the anterior group possessed the longest filament. It will, however, be

understood that at the early stage represented in the series of sections the lateral

zygomorphy had not yet dominated the antero-posterior zygomorphy.

For the present it will suffice to note that in sections of the type figured no

differences of anther condition were observed.

It was then evident that in the departure from staminal actinomorphy to lateral

zygomorphy the alterations which had been observed in the stamens were due

entirely to inequalities in the lengths of the filaments.

An anatomical study of these was then made.

It seemed, however, that the stamen-filaments should be studied developmentally

in a number of flowers which appeared to be perfectly actinomorphic, for it was

considered advisable to determine the conditions of the filaments in such forms in the

bud, and the developmental stages reached by them when the anther is completed and

when it is about to dehisce.

The stamens of a number of flowers in which I failed to detect any departure from

the actinomorphic conditions were accordingly studied. The results of the anatomical

examination of one form

—

Staphylea j^'^nnata L. — will be given, before briefly

considering the filaments of Greyia Sutherlandii.

At dehiscence the stamens of this plant slightly overtop the petals, and are about

^ inch in length (fig. 14). It was impossible to cut perfectly radial sections which

would include the median longitudinal plane of the filament and a portion of the

anther in which a loculus was clearly shown. Sections were, then, cut in a plane

departing slightly from the radial plane, but including median longitudinal sections of

the filaments with a fair portion of a loculus. The accompanying figures were drawn

from these later sections.

Figs. 26, 27, 34 represent stamens forty-eight times as large as they were at the

corresponding stages, while figs. 20, 35, 37 are twenty-four times as large as the actual

objects.

Fig. 26 represents a very young stamen. The filament is short, and not more than

nine cells are found in each longitudinal row of ground-tissue. These minute cells are

of fairly uniform size, and no special conductive strand is observable. In the anther

the archesporium is difl'erentiating.

In fig. 27 a much more advanced stage has been reached. The filament is about

eighteen cells in length, the box-shaped cells of the ground-tissue being counted.
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At the top of the filament, and close to the loculus, the cells are small and somewhat

compacted. A central conductive strand is observable, and can be traced up into the

connective. Between the upward continuation of the conductive strand and the inner

wall of the loculus lies a plate of dense-looking cells. These are continued into the

beak which has been formed at the summit of the anther. The tetrad stage has been

reached in the spore-mother-cells, and the outer wall of the anther is three or four

layers in thickness.

The stamen-filament represented in fig. 34 is, in its ground-tissue, about thirty-three

cells in length. Of these, about twenty-six are of relatively large size. The remainder

are very minute, and form part of the almost uniformly small-celled upper portion of

the filament. It is to be noticed that further diff'erentiation has taken place in the

connective and stamen beak. In the loculus the tapetal cells still p.ersist, and the

pollen-grains—many of which are in the binucleated condition—are obtaining their

thick walls. The outer wall of the anther consists of a narrow-celled epidermis,

beneath which is a layer of relatively large cells. Between these and the crushed layer

which was the outer layer to the tapetum is a small-celled layer.

A filament, fifty-seven or fifty-eight cells in length, is depicted in fig. 20. The

cell-crowding which was so marked at the top of the filament in the stage shown in

fig. 34 no longer exists. Sliding growth has taken place in the vascular strand which

can be traced directly into the connective. In the loculus only a few tapetal cells

remain, and no alteration is observable in the condition of the anther-wall.

Figs. 20 and 35 are drawn to the same scale. The filament represented in fig. 35

is more than twice as long as that' shown in fig. 20, but on counting the cells in the

longitudinal rows it will be found that they number about fifty-eight, which was the

number previously recorded for fig. 20. No tapetal cells are figured in the loculus,

and an examination of the anther-wall will show that the fibrous layer has been

established (fig. 36). The length of the filament in this figure falls short of 4 inches,

and when it is remembered that the drawing is twenty-four times the size of the actual

object, it will be evident that the filament measures about ^ inch. That is to say, that

the main details of the anther were apparently completed while the filament was

very short.

Fig. 37 represents an almost fully grown stamen in section.

The anther is, to all appearances, identical in its details with that shown in fig. 35.

The vascular strand of the filament is well diff"erentiated, and it will be found, on

counting the ground-cells in the rows of which the filament is composed, that they

number between fifty -eight and sixty cells.

The filament itself is about ^ inch long, but an increase in length takes place at

dehiscence.

The results obtained from many flowers were in the main identical with those here

described, and as it was found that all members of the androecium were—for all

practical purposes—of the same size and form, and in the same condition at any point
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of time, the development which has just been outlined is believed by the writer to be

normal for the species.

The sizes of the filament-cells were carefully measured at all the stages figured, and

an examination of those stages showed that the great increase in stamen-length after

the completion of the anther-wall was not due to any appreciable increase in the

number of cells in the filament rows, but primarily to the elongation of those cells

which were already present.

Cell -division was, of course, necessary for the production of the large number of cells

present in the filaments of full-grown stamens, and it will be understood that the

compacting of cells at the top of the filament, mentioned in the description of fig. 27,

and further pointed out in fig. 34, was due to a localisation of this merismatic activity.

The examination of the stamens of Staphylea jnnnata was rendered easy by the fact

that the androecium consists of only five stamens forming a single cycle.

The marked increase in length of stamen-filament in flowers with large stamen

numbers may be illustrated by a brief examination of flowers of Aquilegia vulgaris L.

In the wild flowers of this species which were examined, and from which the

accompanying photographs were taken, the stamens numbered about seventy, forming

about seven approximate cycles. The order of stamen-elongation and anther-dehiscence

was basipetal.

In fig. 18 the first group of stamens will be seen to have elongated, and their

anthers to have dehisced. The anthers of the remaining stamens are undehisced, and

the very evident space which separates them from their dehisced neighbours is mainly

due to the filament-elongation already mentioned.

In fig. 17 it will be seen that the second group of stamens are elongating, and that

dehiscence is progressing in their anthers.

A more advanced stage is represented in fig. 19, in which it will be seen that,

although various degrees of filament-elongation have been attained, anther-dehiscence

has taken place only in those stamens whose filaments have reached their maximum

length.

In the case of those flowers it was also found that filament-elongation, prior to

anther-dehiscence, was primarily due to the elongation of the cells already present in

the filaments.

Returning now to the androecium of Greijia Sutherlandii, it should be at once

stated that, while the initial staminal actinomorphy persisted, the cell-rows which

composed the filaments consisted of fewer cells than were found in the filaments at

a later stage. Definite numbers are not quoted, because, as has been already stated,

the rate of the progression of zygomorphy in no single flower examined could be said

to be typical for the flowers as a whole, and further because, although an external

examination failed to reveal diff"erences in the conditions of stamens in flowers which

appeared actinomorphic in their androecium, the anatomical examination showed

diff"erences in the merismatic condition in the filaments. A merismatic zone, however,
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formed the top of each filament. The largest number of cells counted in a filament-

row was 121, and such numbers as 118 and 120 were found. These large numbers

were observed in stamens in which the lateral zygomorphy had just been initiated, and

120 was the largest number of cells counted in a longitudinal row of a fully grown

stamen whose anther had dehisced.

In short, the antero-posterior zygomorphy in the young bud was caused by difierences

in the cambial activity in the filaments, and the later lateral zygomorphy was mainly

due to differences in the rate of cell-elongation.

It will now be understood that the restoration of morphological actinomorphy was

accomplished in the expanded flowers by the elongation—sooner or later—of practically

the same number of cells in each filament. It will be evident that the lateral

zygomorphy was the outward expression of differences in the rate of elongation of the

filament-cells. It should be further stated that in the first-formed flowers of Greyia

Sutherlandii examined, while the lateral zygomorphy was quite pronounced—as will

be seen by the numbering of the stamens in fig. 24,—the entire anterior stamen-group

dehisced before any of the posterior stamens were fully elongated.

The lateral zygomorphy was found to be much more pronounced in later-formed

flowers, and in fig. 25—which is a floral diagram of such a flower—it will be noticed

that, of the first five stamens to dehisce their anthers, two belong to the posterior group.

The zygomorphy was a progressive character.

Distinct lateral zygomorphy may be observed in the androecium of many expanded

flowers, but in others—as in the Rhododendrons—it has been observed by the writer only

in the bud stages (fig. 13), and in those, when the flowers have expanded, it has usually

been replaced by a definite antero-posterior zygomorphy.

It is to be noted that, while the antero-posterior and lateral zygomorphy dominated

the bud stages and young expanded flowers of Greyia Sutherlandii, the inequalities in

the floral parts, which were then so evident, were sooner or later counterbalanced.

In certain Rhododendrons, however, while the lateral zygomorphy disappears as

development proceeds, the antero-posterior zygomorphy persists to the end.

It is proposed to designate zygomorphy of the type above described for Greyia

Initial Zygomorphy, for no permanent morphological alteration was recorded for the

androecium, and the final condition of the perianth and style was but slightly zygomorphic.

In marked contrast to this is the condition of the stamens in such a form as

Verhascum thapsus L., in which, in the expanded flower, not only is inequality in

stamen-length produced, but permanent modifications in stamen-form and in filament

and anther construction are also established (fig. 16).

An attempt has here been made to compare briefly the external form of some parts

of flowers which possess the zygomorphic character, at various stages, with their

corresponding internal conditions as shown by cell-size. The result has been the

recognition of the part played by cell-elongation in the production of a zygomorphic

androecium.

/
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Developmental details will be given later for all the floral parts of Greyia Suther-

landii, and these will be correlated.

It is proposed to deal at length in subsequent publications with the evolution of

zygomorphy in various affinities, and what has been stated here is intended as an intro-

duction to developmental studies, in which correlation as affecting the development of

floral parts will be fully stated.

The author wishes to express his indebtedness to the Carnegie Trust for their

assistance in the publication of the accompanying plates.

Summary.

When any member of a cycle of floral parts shows a definite tendency to reach a

developmental stage in advance of the remaining members, or to have the attainment

of a developmental stage delayed, zygomorphy is initiated.

The zygomorphy may be only temporary, in which case morphological actinomorphy

may be restored.

Zygomorphy is a progressive character in Greyia Sutherlandii. It appears first in

the perianth, and later in the androecium and gynoecium.

The androecium is at first actinomorphic. but becomes antero-posteriorly zygomorphic.

Lateral zygomorphy then follows in Greyia.

Actinomorphy is almost or entirely restored in the perianth, while lateral zygo-

morphy continues for a time to dominate the androecium ; but the latter becomes

morphologically actinomorphic when all the anthers have dehisced.

The restoration of actinomorphy progresses from the perianth to the androecium.

No anther dehisces until the stamen-filaraent reaches the maximum length.

The attainment of the maximum length of stamen-filament immediately precedes

the dehiscence of the anther.

The main details of the anther are completed while the androecium is actinomorphic

in the bud.

The staminal zygomorphy is due to differences of filament-length, but it disappears

when they have all attained full maturity.

In Staphylea and other actinomorphic flowers the anthers are completed at an early

stage in development. The full number of filament-cells is produced about the time of

completion of the anther.

The great increase in stamen -length immediately previous to anther-dehiscence is

primarily due to the elongation of the filament-cells (extension).

The examination of the stamen-filaments of Greyia Sutherlandii shows that the

antero-posterior zygomorphy in the young bud is caused by differences in the cambial

activity in the filaments, and the later lateral zygomorphy is mainly due to differences

in the rate of cell-elongation.
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EXPLANATION OF FIGURES IN PLATES.

Fig. 1. A flower of Greyia Sutherlandii (Hook, and Harv.) viewed from the left posterior side, and

showing maximum elongation of filament, and anther-dehiscence of extreme right stamen of the anterior

group. X IJ.

Fig. 2. An outline sketch of the same. A dotted line passes through the anthers of the anterior

stamen-group, x 1|.

Fig. 3. Posterior stamen-group of antero-posteriorly zygomorphic bud of Greyia Sutherlandii represented

in fig. 4. Viewed from the posterior side. x about i.

Fig. 4. A young flower of Greyia Sutherlandii from which the perianth has been removed. Viewed

from the posterior side. The antero-posterior zygomorphic condition of the androecium is shown, x about 2.

Fig. 5. Anterior stamen-group of antero-posteriorly zygomorphic bud of Greyia Sutherlandii represented

in fig. 4. Viewed from the posterior side. x about 4.

Fig. 6. A flower of Greyia Sutherlandii viewed from the posterior side. Three of the anterior stamen-

group are fully elongated, and their anthers have dehisced. x 1^.

Fig. 7. An outline sketch of the flower of Greyia Sutherlandii represented in fig. 6. A dotted line

passes through the posterior stamen-group. x 1^.

Fig. 8. A young flower of Greyia Sutherlandii from which the perianth has been removed. Viewed

from the posterior side. Lateral zygomorphy has been initiated. x about 1|.

Fig. 9. Posterior stamen-group of laterally zygomorphic bud of Greyia Sutherlandii represented in fig. 8.

Viewed from the posterior side. x about 2^.

Fig. 10. Anterior stamen-group of laterally zygomorphic bud of Greyia Sutherlandii represented in fig. 8.

Viewed from the posterior side, x about 2|.

Fig. 11. A flower of Greyia Sutherlandii viewed from the posterior side. Eight stamens are fully

elongated, and their anthers are dehisced. The stigmatic surface is exposed. The shortest stamen is the

posterior one. x 1|.

Fig. 12. An outline sketch of the same. A dotted line passes through the anthers of the posterior

stamen-group. x 1|.

Fig. 13. A bud of Rhododendron argenteum L. from which the perianth has been removed. The
flower is viewed from the posterior side, and the androecium is laterally zygomorphic. x 8.

Fig. 14. An expanding flower of Staphijlea pinnata L. Viewed from the posterior side, x IJ.

Fig. 15. An expanding flower of Greyia Sutherlandii from which the perianth has been removed. It

is viewed from the posterior side. The androecium is markedly laterally zygomorphic. x about 1^.

Fig. 16. A flower of Verhasciim tkapsus L. viewed from the left side. The greater part of the corolla

has been cut away. The long stamens are the anterior lateral ones, the short one is the posterior stamen. x 8.

Fig. 17. A flower of Aquilegia vulgaris L showing filament-elongation and anther-dehiscence of second

group of stamens.

Fig. 18. A flower of Aquilegia vulgaris L. showing filament-elongation and anther-dehiscence of first

group of stamens.

Fig. 19. A flower of Aquilegia vulgaris L. showing stamens in various stages of filament-elongation.

Fig. 20. A median longitudinal section—not quite radial~-of a stamen of Staphylea pinnata L.

Each longitudinal row of filament ground-cells consists of about fifty-eight cells. The loculus contains

pollen-grains, x 24.

Fig. 21. A diagram to illustrate the relative lengths of the stamen-filaments in fig. 1. A circle has been

placed round the number indicating the stamen whose anther has dehisced,

Fig. 22. The corresponding diagram for fig. 6.

Fig. 23. The corresponding diagram for fig. 11.

Fig. 24. A floral diagram of Greyia Sidlierlandii. The flower was borne loio on the raceme. The
lateral zygomorphy of the androecium is fairly pronounced.

Fig. 25. A floral diagram of Greyia Sutherlandii. The flower was borne high on the raceme. The
lateral zygomorphy of the androecium is very pronounced.
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Fig. 26. A median longitudinal section—not quite radial^of a stamen of Staphylea pinnata L. The

anther is in the archesporiuni condition, and each longitudinal row of the filament consists of about

nine cells. x 48.

Fig. 27. A median longitudinal section—not quite radial—of a stamen of Staphylea pinnata ]-. The

spore mother - cells are in the tetrad condition. Each row of filament ground - cells consists of about

eighteen cells. x 48.

Fig. 28. Sect. I. A section through the lower portions of the united carpels and the stamens of a

liower-bud of Greyia Sutherlandii L. Diagrammatic. x 12.

Fig. 29. Sect. II. A section taken a little higher in the same flower. The basal portions of two

anthers have been traversed. Diagrammatic. x 12.

Fig. 30. Sect. III. A section still higher in the flower. Three anthers have been cut. Diagrammatic.

X 12.

Fig. 31. Sect. IV. A similar section taken still higher. Six anthers have been cut. Diagrammatic, x 12.

Fig. 32. Sect. V. A section of the same flower, immediately below the base of the style. Eight

anthers are represented. Diagrammatic. x 12.

Fig. 33. Sect. VI. A section of the same flower, passing through the style. Nine anthers have been

traversed. Diagrammatic. x 12.

Fig. 34. A median longitudinal section—not quite radial—of a stamen of Staphylea pinnata L. The

anther contains mature pollen-grains. Each longitudinal row of ground-cells of the filament consists of

about thirty- three cells, x 48.

Fig. 35. A median longitudinal section— not quite radial—of a stamen of Staphylea pinnata L. The

mechanism of the anther-wall has been laid down. Each longitudinal row of ground-cells of the filament

consists of about fifty-eight cells. x 24.

Fig. 36. Details of transverse section of anther-wall represented in fig. 35.

Fig. 37. A median longitudinal section—almost radial—of a stamen of Staphylea pinnata L. The

longitudinal rows of ground-cells of the filament each consist of from about fifty-eight to sixty cells. x 24.
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Introduction.

In continuation of my studies on the Craniology of the people of the Empire of

India, of which three parts have already been published in the Transactions of the

Society, I propose in Part IV. to give an account of the Bhils, a wild tribe occupying

the jungle in some districts of Central India ; also skulls of some of the frontier tribes

of Burma from the Chin Hills to the South Shan States, with some supplementary

observations on the skulls of Tibetans. The skulls are preserved in the Anatomical

Museum of the University of Edinburgh.

BhTls. Table I. (Plate XII.)

The Bhils or Bheels are a pre-Aryan, Dravidian people of Central India, inhabiting

the Vindhya, Satpura, and Ajanta Hills, and distributed through Maiwar, Malwa,

Khandesh, and Gujarat. The total numbers were stated in the Census of 1901 as

206,934. The men who live in the hills wear only a loin-cloth, with a whisp round the

head, but the women are better clothed. Both sexes, when dwelling in the plains, are

often Hinduised and are clothed like their neighbours the Hindus. Their food consists

largely of jungle roots, fruits, vermin, and common grains, though deer, sheep, fowls

and lish are also eaten. Surgeon Hendley described '^ the Bhils of Maiwar as having

almost black skins ; hair black, straight, thick, long ; face smooth, moustache slight, beard

scanty
; eyes large, dark, prominent, palpebral fissure small ; nose broad, sunk at the

* Journ. Asiatic Soc. Bengal, 1875, part 1, p. 347, vol. xliv.
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bridge, nostrils dilated, clubbed at the tip ; mouth large, lips thick, jaw orthognathic

;

zygoma large and salient ; malar bones fiat and prominent ; cheeks full, C. J. Malcolm

stated * that, though light and spare in limbs and body, the}^ were very active and

capable of undergoing great fatigue. The fullest account of the customs of the Bhils

has been given by Captain C. E. Luard, Superintendent of Ethnography,! from which

it appears that Bhils cannot marry outside the tribe, though in the septs into which

the tribe is divided marriage is exogamous as regards the sept ; infant marriage is

not practised, and the remarriage of widows is permitted. They worship the powers

of nature, and each village has its tutelary deity : they all reverence the Ber tree

{Zizyphus jujuba).

There is a difference of statement as to stature. Hendley gave the mean of 128 men

as 5 feet 6 inches. Malcolm spoke of them as of short stature, active, and when well

fed equal in height to a Hindu. Luard stated that they were of low stature, the

average height of the men being 5 feet 2 inches. Tattooing is common with both

sexes. The characteristic weapon is the bow, and the name Bhil is said to be derived

from the Dravidian word, for a bow. The dead are cremated and the ashes are thrown

into a neighbouring river. The burning of the dead throws difficulty in the way of

obtaining the skulls of this Dravidian tribe.

In July 1908 Lieut.-Colonel Sir James R. Roberts, I.M.S., then Residency Surgeon

at Indore, presented me with six skulls collected in the Alirajpore State, where the

Bhils are numerous. They were obtained in the vicinity of a camp where the Bhils

had been gathered together during the famine of 1890 and where many had died.

Three skulls were apparently males and three females (Table I.); four were adults

(Nos. 7, 8, 9, 10) ; in a fifth (11) the permanent molars had erupted but the basi-cranial

synchondrosis was not ossified ; whilst in a sixth (12) the synchondrosis was not ossified

and the wisdoms were not erupted. The lower jaw had been preserved in only one

skull (10), and in another (8) the facial bones were missing.

Norma verticalis.—The skulls were moderate in size and of dolichocephalic

proportions. The cranial outline was ovoid, but in No. 8 the parietal eminences were

so prominent that the skull had a pentagonal outline. The vault was slightly raised

in the sagittal region, but was not keeled, neither was the suture depressed below the

plane of the parietals. The slope from the suture to the eminences was moderately

steep, but in No. 12 the transverse arc of the vault was flattened. The side walls of

the crania did not bulge, and the greatest parieto-squamous breadth, except in No. 7,

was at or near the eminences. The suprainial squama was moderately convex, especially

in the females, but in No. 7 the inion formed the occipital pole of the cranium and the

squama sloped upwards and forwards. The postparietal region sloped gently downwards

to the lambdoid suture. With one exception the skulls were cryptozygous.

* Trans. Roy. Asiatic Soc, 1. 88.

t Census of India, p. 162, 1901 ; and more fully in the Ethnographical Survey of the Central India Agency, Mono-

graph No. 2, "Jungle Tribes of Malwa,'' Lucknow, 1909, with numerous plates.
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Table I.

—

Bhils.

Group XXI., Subgroup B.*

Collection number
Age
Sex
Cubic capacity

Glabello-occipital length

Basi-bregmatic height .

Vertical Index

Minimum frontal diameter .

Stephanie diameter

Asterionic diameter

Greatest parieto-squamous breadth

Cephalic Index .

Horizontal circumference

Frontal longitudinal arc

Parietal ,,

Occipital „
Total „
Vertical transverse arc

Basal transverse diameter

Vertical transverse circumference

Length of foramen magnum
Basi-nasal length

Basi-alveolar length

Gnathic Index

Total longitudinal circumference

Interzygomatic breadth

Intermalar breadth

Nasio-mental length .

Nasio-mental complete facial Index
Nasio-alveolar length .

Maxillo-facial Index .

Nasal height

Nasal width
Nas(d Index
Orbital width

Orbital height

Orbital Index

Palato-maxillary length

Palato-maxillary breadth

Palato-maxillary Index
Nasio-malar Index

Granio-facial Index
'Symphysial height .

Coronoid
,,

Condyloid ,,

Gonio-symphysial length .

Inter-gonial width .

vBreadth of ascending ramus

7

Ad.
M.
1250
175
130

74-3

87

106
105

131s.

74-9

490
119
128
114

361
293
112

405
35

96

93
96-9

492

63

46

27
68-7

37
32

86-5

55

60
109-

8 9 10 11 12

Ad. Ad. Ad. Adolesc. Adolesc.

M. M. F. F. F.

940 1200 1080 1200 1210
166 175 173 174 175

120 128 124 130 117

72-S 73-1 71-7 74-7 66-9

80 94 83 84 84
84 110 91 99 98
96 103 96 96 103

120p. 131p. 123p. 126p. 126p.

72-S 74-9 71-1 72-4 72-

452 498 479 487 488
115 114 121 127 128

116 118 113 125 119

100 107 113 105 105

331 339 347 357 352
262 276 276 289 283
107 113 102 109 112

369 389 378 398 395
32 35 35 36 35
96 104 98 93 97

100 98 93 97

• • 96-2 100- 100- 100-

459 478 480 486 484
124 112 117

...

113 103

104
101 104

'.'.'.

66 55 65 63"

53-2 58- 53-8

52 43 49 46

23 23 26 21

u-^ 53-5 53-1 45-7

43 36 34 32

36 32 35 34
83-7 88-9 102-9 106-

54 52 51 54

63 54 58 59
116-6 103-8 113-7 109-2

108-8 108-8 109-3 110-5

70-8

29ap.

62

66

82

87

32

64-3 66-8

Norma lateralis.—In the males the lower or facial forehead receded a little, and

the glabella and superciliary ridges were moderate. In the females the facial forehead

approached the vertical, and the glabella and ridges were feeble. In both sexes the

superciliary ridge was differentiated from the supraorbital border by the notch or

* The groups and subgroups are the arrangement in the Catalogue of Crania in the Anatomical Museum.
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foramen, and the torus supraorbitalis was not formed ; a transverse supraorbital

depression was slightly indicated in the males. The supraorbital trigone was fairly

marked in the males. The frontal eminences, with one exception, were distinct ; no

skull was metopic. The nasion was depressed in one skull only. The nasal bones were

not projecting ; the bridge was slightly keeled and its profile outline was somewhat

concave ; when entire their length in a straight line measured 17, 21, 23 mm.

respectively. The interorbital width was 20, 21, 22, 23, 24 mm. respectively. The

skulls rested behind on a convex cerebellar part of the occipital. In four crania the

occipital longitudinal arc was the shortest, in one it and the parietal arc were equal

;

in three the frontal arc was the longest, in three the parietal was the longest.

Norma facialis.—The lateral boundary of the anterior nares was a sharp ridge, the

crista prsenasalis (Klaatsch),* which gradually blended with the incisive region,

though in one female it separated the nasal floor from the incisive region. Immediately

behind it in the males was a narrow, shallow groove, the fossa prsenasalis, bounded

behind on the wall of the inferior meatus by a faint ridge [margo infranasalis) which

crossed the nasal floor to join the low maxillo-nasal spine. In one skull (No. 12) the

incisive region showed alveolar prognathism. In three skulls the canine fossae were

deep. The width of the anterior nares ranged from 21 to 27 mm., the mean of two

males was 25 mm., and of three females 23 "3 mm. ; the nasal height ranged from 43 to

52 mm., the mean of two males was 49 mm., and of three females 46 mm. In two

skulls the nasal index was leptorhine, in three platyrhine, and the mean index, 51,

was mesorhine. The orbital borders were not thickened and the aperture was rounded

in two skulls, the mean index, 93 "6, was megaserne, though two were mesoseme. The

gnathic index, 98 '6, computed by Flower's method, was mesognathous in the mean,

though two were orthognathous.

The imperfect facial region did not permit a complete facial index to be taken, but

the maxillo-facial index, ranging in three specimens from 53*2 to 58, with 55 as the

mean, was leptoprosopic, narrow in relation to height, which was also their character

individually. The nasio-malar index, as determined by the relation of the bimalar to

the nasio-malar diameter, f ranged from 108"8 to 110*5
; one was pro-opic, with a fair

nasal profile, three Avere mesopic, but in no specimen was the profile flat-faced, platy-

opic. In three skulls the palate was highly arched, and in two moderately so ; the

palato-maxillary index ranged from 103"8 to 116'6, three were dolichuranic, one

mesuranic, one brachyuranic. The only lower jaw was of moderate size, the angle was

everted and the chin was oblique and prominent. The teeth were mostly lost, those

in place were partially worn.

The cranial sutures were well denticulated. Small Wormian bones were seen in

the lambdoid of No. 8, in the squamous of No. 12, and in the occipito-mastoid of

* Reports of Pathological Laboratory of Lunacy Department, vol. i., part iii., 1908, Sydney.

+ The nasio-malar index is obtained by the formula
"asio-malar di. x 100 j^^^^^ ^^j^^ ^^g ^^ platyopic, flat-faced

bimalar di.

profile; pro-opic, projecting jirofile, above 110 ; mesopic, between 106 and 110.
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No. 11. Nos. 8 and 9 had each a left epipteric, in No. 12 the parieto-ali-sphenoid suture

was very broad. No skull had a third condyl nor complete pterygo-spinous plate, though

in No. 1 1 the right external pterygoid was broader than usual. The mastoids, inion,

and curved lines were feeble. No. 1 2 had a stunted paracondyloid process, and in it

a rudimentary proatlas subjacent to the occipital bone was represented by an imperfect

neural arch ossified to the right half of the foramen magnum. The occipital condyls

were flattened, and each was partially crossed by a -groove on the surface. The linea

superior {torus occipitalis transversus) in the male skulls was differentiated from the

inion and the superior curved line, but in the female the separation was indistinct.

The occipital crest and inferior curved line were well marked in both sexes, and the

processus retromastoideus * was distinct. In three skulls the tuherculum supra-

mastoideum anterius was a definite elevation.

The glabello-occipital diameter ranged from 166 to 175 mm., and the mean was

173 mm. ; the greatest breadth ranged from 120 to 131 mm., the mean being 126*1 mm.;

the cephalic index ranged from 71 '1 to 74'9, and the mean was 72*9, dolichocephalic.

The basi-bregmatic height ranged from 117 to 130 mm., with the mean 124 "8 mm. ; in

three skulls the height was less than the breadth, in two greater, in one they were

equal; in the series the mean breadth, 126'1, was a little more than the mean height,

124"8 mm. ; the vertical index ranged from 66*9 to 74"7, the mean was 72*1, metrio-

cephalic.t The breadth-height index | ranged from 92'8 to 1007, and the mean was

98. The cranio-facial index
§
gave the relation of the length of the cranium to the

interzygomatic breadth of the face. In three skulls it ranged from 64-3 to 70 "8, with a

mean 67 "3 ; in each this index was distinctly less than the cephalic index, and the face

was narrower in relation to the length of the cranium than was the breadth to the

length of the cranium.o

Comparison with Skulls of other Dravidian Tribes.

(Figures, pages 716, 717.)

In previous craniological memoirs I have estimated the proportion which the hase-

line of the skull, defined by Professor Cleland as the basi-nasal diameter conjoined with

the antero-posterior diameter of the foramen magnum, bears to the total longitudinal

circumference of the skull, as well as to the total longitudinal arc.
||

I have computed

these proportions in the Bhil skulls, and in such typical dolichocephalic Dravidians as

the Gonds, Kols, Mi'mdas, Bhuiya, Oraons, and Tamil Sudras—tribes in which I was

* See Professor Waldeyer's memoir, Der processus retromastoideus, etc., Berlin, 1909, and my memoir oii the

Skeleton of the Aborigines of Tasmania, Trans. Roy. Soc. Edin., vol. xlvii. p. 413, pi. i. fig. 4, 1910.

t See my memoir, " Craniology of People of Scotland," Trans. Boy. Soc. Edin., vol. xl., part iii., 1903.

i Basi-bregmatic height X 100 , i,i , • , , • ,

I ^n

—

^-r-^ T jTT = breadth-height index.
Parieto-sqiiamous breadth °

a Interzygomatic breadth x 100 . . . . ,

S 4^—

:

^ -^ = cranio-iacial mde s.
Jviaximiim length

II
Partially in Challenger Report, Zoology, part xxix., 1884. More fully in Trans. Roy. Soc. Edin., vol. xlv., p. 304,

1906, and p. 817, 1907 ; vol. xlvi. p. 399, 1908 ; vol. xlvii. p. 419, 1910. In the memoir on the natives of Madras,

1906, 1 compared these measurements and proportions with those obtained from the crania of several other races.
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able to measure three or a greater number of specimens. Table 11. enables a com-

parison of these proportions, to be seen.

Table II.

—

Dravidian Tribes.

Bhils, Gonds, Kols, Mundas, Bhuiya, Oraons,
Tamil
Sudras,

9 skulls.
skulls. 4 skulls. 5 skulls. 9 skulls. 3 skulls. 3 skulls.

Mean base-line .... 132 128-8 132 129-8 134-6 132-3 132-3

„ longitudinal arc . 347-8 374-5 367-2 361-6 369-6 371-3 362-4

,, „ circumference . 446-5 503-2 498-2 491-4 504-3 503-6 494-7

,, base-line to longitudinal arc 2-63 2-13 2-7 2-78 2-74 2-8 2-7

„ ,, ,. ,. cir-

cumference .... 3-37 3-9 3-7 3-78 367 3-8 3-7

1

The actual length of the base-line, total longitudinal arc and circumference varied

and had a relation to the size of the skulls in each group. It will be noted, however,

that the mean difference in its length ranged from only 128'8 in "the Gonds to 134*6

in the Bhuiya; that of the longitudinal arc from 347 "8 in the Bhils to 374'5 in the

Gonds ; that of the longitudinal circumference from 446 "5 in the Bhils to 504"3 in the

Bhuiya. The proportion of the base-line to the total longitudinal arc, which was lowest,

2*13, in the Gonds, was highest, 2'8, in the Oraons, in which tribe this arc therefore had

the longest relative diameter. The proportion of the base-line to the total longitudinal

circumference was lowest in the Bhils, 3 '3 7, and was highest, 3 '9, in the Gonds.

In my Challenge!' Report on the Human Crania collected during the voyage*

I analysed the several indices which had been computed, with the object of ascertaining

the range of variation in each group of skulls, chiefly Australians and Pacific islanders,

along with some Bushmen and Fuegians. I have adopted a similar method in the

study of the skulls in these Dravidian races, and the results are arranged in Table III.

The numerals in the several columns express the range of variation in the series of

skulls examined in each race.

Table III,

—

Dravidian Tribes.

Cephalic Index
Vertical ,,

Cnathic ,,

Nasal
,,

Orbital ,,

Palato-maxillary Index

Tamil
Blnls. Gonds. Kols. Miindas. Bhuiya. Oraons. Sudras.

3-8 5-6 4-1 6-4 6-3 7-1 5-2

7-8 2-6 4-4 3-8 9-1 2-7 69
3-8 7-5 8-5 7-9 5-8 0-7 4-1

14-5 7-9 6-2 9-6 0-2 6-4 12-0

12-3 2-7 7-2 22-1 18-7 5-9 25-3

12-8 23-5 25-0 14-3 6-2 14-3 21-5

The Table shows that the range of variation in these tribes in the series of cranial and

* Zool., Challenger Exp., part xxix. p. 126, 1884.
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facial indices is not uniform. The cephalic indices varied in the collective groups from

3*8 to 7'1, with a mean range of 5 '5, whilst the vertical indices, which varied from 2 '6

to 9'1, had a mean range of 5"3, so that the mean proportionate length of the cranium

to its breadth was almost the same as to its height. The gnathic indices, obtained by

Flower's method, varied from 07 to 8*5, with a mean range of 5 "47. On the other

hand, the other indices showed a much wider extent of variation in the groups.

The nasal index ranged from 0'2 to 14'5, with a mean 9*4; the orbital index from

2*7 to 25'3, with a mean 13'7
; the palato-maxillary index from 6'2 to 25, with a

mean 16 "8.

It should be stated that the thirty- nine Dravidian skulls, from which the mean

indices were computed in the Table, with eight exceptions, had the cephalic index

below 75, that in six of these this index ranged from 75 to 75*6, in one was 76'6, in one

771. The Dravidian skull therefore was dolichocephalic, as defined by its conventional

numerical limit, and when in the few exceptional cases it was 75 or a little higher,

the excess was mostly fractional, and below not only the brachycephalic but also the

upper range of the mesaticephalic standard. The vertical index in the groups was

either hypsicephalic, high skulls, 75*1 and upwards ; or metriocephalic,* moderately high

skulls, 70'1 to 75 ; in only two skulls was the index chamsecephalic, low skulls, index

below 70. In the gnathic index, which expresses more or less precisely the projection

of the front of the upper jaw, the skulls were either orthognathous, index below 98 ; or

mesognathous, index from 98 to 103 ; only one skull was prognathous, index 104'4.

Of the other more variable indices the nasal had the smallest range. It fluctuated

between 43 "8 and 58 "9. Fourteen skulls were platyrhine, fourteen were mesorhine,

seven only were leptorhine. The orbital index ranged from 71*8 to 106, but twenty-

five had low microseme orbits, six had orbits of moderate height, mesoseme, whilst in

eight the orbits were high and rounded in outline, or megaseme. The palato-maxillary

diameters furnished five with dolichuranic indices, five with raesuranic, and fourteen

with brachy- or hyperbrachyuranic indices.

In regard to the range of variation in the respective indices, the analysis of the

Dravidians shows that in these dolichocephalic skulls the indices, based on the proportions

between the length, breadth, and height of the cranium, have a much less range than

those in which the measurements embraced either partially or wholly the facial bones.

In this respect the analysis corresponded generally with the results recorded in my
Challenger Report already referred to. As regards the orbital and nasal indices, Paul

Broca many years ago t had recognised this character and had dwelt on the perturbing

influence of the individual variations in the nasal index. The greater constancy of the

cephalic and vertical indices, and of the gnathic index also, though the last is

sometimes more variable, justified the value which Anders Eetzius recognised when

* For the reasons given in my previous memoirs I use the term metriocephalic, expressing moderate relative

height, in preference to that of orthocephalic employed by many craniologists.

t Revue d'Anthropologie, 1875 and 1876.
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he gave them so important a position in his system of classification, based on the

characters of the skull in the various races of men.

Of the thirty-nine skulls included in this analysis, twenty-five were apparently males

and fourteen females. The cranial capacity of the males ranged from 940 cubic

centimetres in a Bhil to 1470 c.c. in a Kol, and the mean of the series was 1287 c.c.

Five were upwards of 1400 ; seven were between 1300 and 1400 ; eleven were between

1200 and 1300 ; one between 1100 and 1200 and one between 900 and 1000 c.c. The

cranial capacity of the females ranged from 980 to 1305 c.c. and the mean of the

series was 1179 c.c. Only one female skull was as much as 1305 c.c, seven were

between 1200 and 1300; three between 1100 and 1200; two from 1000 to 1100 and

one below 1000 c.c. Variations in capacity were shown in the diff"erent tribes in

both sexes, but the females, as is indeed customary, were distinctly less than the

males, though, if I am correct in the apportionment of the skulls between the two

sexes, each sex had a skull whose capacity was below 1000 c.c. It is, however,

noteworthy tliat the highest capacity in the female series was only 1305 c.c.

Sagittal Contours.

(Figures, pages 716, 717.)

The late Mr George Busk published fifty-one years ago * a memoir on " Cranio-

metry and Craniography," in which he criticised the cranial measurements proposed by

VON Baer in the Gottingen Anthropological Report, t He showed the importance inter

alia of making measurements to radiate from a definite fixed point to the surface of the

skull, so as to aff'ord sufficient data for estimating the relative proportions of the diff"erent

divisions of the cranium. Busk selected as the fixed point for these measurements the

centre of the external auditory meatus, from which radiating lines were drawn to

certain points on the surface. He devised and figured a craniometer with a pair of

movable plugs, one of which could be inserted into each meatus, and could be employed

to measure heads as well as crania. Dr Barnard Davis used similar radial measure-

ments in the compilation of his Catalogues of Crania.J Professor Huxley pointed

out§ the advisability of bisecting skulls longitudinally and vertically in or near the

mesial plane, and he drew and measured lines from more than one point on the base to

points on the cranial vault. Professor Cleland emphasised
||
the importance of radial

measurements and selected the postauricular depression in preference to the meatus as

the point from which the radii should be drawn.

In my Challenger Report IT I published longitudinal mesial sections through a

number of the skulls, and recorded lines and measurements radiating from the basion

to definite points in the mesial line of the surface of the skull. I also erected from the

* Natural History licview, October 1862.

+ Bericht ueber die ZusmnmetiJcunft einiger Anthropologen, Leipzig, 186L

I Thesaurus Craniorum, 1867 ; Supplement, 1875 ; also in Crania Britannica.

§ Journ. Anat. a7id Phys., vol. i. p. 60.

II
"Variations of the Human Skull," Trans. Roy. Soc, London, 1869.

IT Zool. Challenger Exp., part xxix., 1884.
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anterior end of the plane of the foramen magnum a basi-perpendicular line which

reached the vault of the cranium at a point behind the bregma. The radii which

intersected the cerebral cavity were the basi-bregmatic, -perpendicular, -lambdal, and

-occipital, whilst the basi-inial, -glabellar, -nasial, and -alveolar radii were below that

part, and reached the inion, glabella, nasion, and alveolar points. The interval between

the frontal pole of the cranial cavity and the basi-perpendicular radius corresponded

approximately to the frontal lobe of the cerebrum, that between the basi-perpendicular

and basi-lambdal to the parietal and upper part of the temporal, and that from

the basi-lambdal to the attachment of the tentorium, to the occipital lobe of the

cerebrum.

fn my series of craniological memoirs which have appeared in the Transactions *

since 1901, I gave additional illustrations of these radial measurements, and in 1906

I figured a line nt, as the axis of the nasio-tentorial plane, and as dividing the

cranial cavity into a supra-tentorial or cerebral part, and an infra-tentorial part for the

lodgment of the cerebellum, pons, and medulla. After intersecting the nasio-tentorial

diameter, the supra-tentorial radiating lines were called respectively tentorio-bregmatic,

-perpendicular, -lambdal, and -occipital. Some craniologists have selected as in the

approximately horizontal plane of division of the cranial cavity a glahello-inial

diameter from the glabella to the inion, but for reasons, which I have stated

elsewhere,! preference has been given to the nasio-tentorial diameter. To enable,

however, a comparison to be made with measurements in which the glabello-

inial diameter has been employed, its length has been measured and stated in

Table V.

I have not bisected the skulls of the Bhils, but have obtained, by Lissauer's

diagraph, tracings antero-posteriorly and mesially of their cranial contours, which

reproduced the outline of the surface of the skull in this tribe. I have also studied

the contour tracings of skulls of other Dravidian tribes, some of which were obtained

with the diagraph, whilst others had been longitudinally and mesially bisected. In

the latter, not only was the surface of the cranium displayed, but the varying

thickness of the vault, and the length and height of the cranial cavity.

Table IV. has been constructed to show the radial and other measurements in

several male skulls. In the case of the Bhil, Gond, and Tamil Sudra, where tracings

of skulls in each tribe were obtained, the measurements for each of these skulls are

given. In addition, tracings of single male skulls of Kol, Munda, Bhoomiz Santal, Turi,

Pahariya, and Juang were measured and recorded. The crania were dolichocephalic,

except that in the Pahdriya the cephalic index was 767. The glabello-occipital length,

parieto-squamous breadth, and collective height of four radii, tentorio-bregmatic,

-perpendicular, -lambdal, and -occipital, are also included in the Table,

* Trans. Roy. Soc. Edin., vol. xlv. p. 302, 1906 ; also p. 816, 1907 ; vol. xlvi. p. 396, 1908 ; vol. xlvii.

p. 418, 1910.

t In my paper on Pithecanthropus eredus, Journ. of Anat. and Phys., vol. xxix., 1895, I suggested the nasio-

lentorial plane of section.

TEANS. ROY. SOC. EDIN., VOL. XLIX. PART III. (NO. 13). 97
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Table IV.

—

Dravidian Tribes.

Bhils. Gonds. N Tamil Sudra.
|

XXL E XXL B
"3 "S 2 "S

a
XXI . D.

7. 8. 9.
A.

1.

B.

2.

D.
4.

M
3 H

o a

PQCO H.
8.

K.

10.

Cephalic Index 74-9 72-3 74-9 69-4 69-5 71-2 73-8 70-9 71-8 76-7 72-7 73-2 72 '6 74-3

mm. mm. mm. mm. mm. mm. mm. mm. mm. mm. mm. mm. mm. mm.
Basi-inial radius, h.i. . 83 66 70 71 86 70 78 78 86 79 80 83 84 76

„ -occipital radius,

h.oc..... 97 84 91 104 103 99 109 94 no 100 107 101 102 100
Basi-lambdal radius, b.l. 111 100 104 110 115 119 122 116 120 108 113 122 108 115

,, -perpendicular

radius, b.p. 132 122 125 139 132 135 125 133 132 125 133 145 131 143
Basi-bregniatic radius,

b.hr 130 120 128 139 132 135 126 128 132 124 131 142 134 141

Basi-glaliellarradius, h.g. 102 98 108 113 97 104 110 111 110 102 103 111 111 104

,, -nasial radius, h.n. 96 96 104 104 91 97 101 101 99 96 95 106 103 94

,, -alveolar ,, b.al. 93 100 102 95 94 99 95 101 95 92 103 97 90
Nasio-tentorial plane,

diameter n.^ (Tu kn er) 175 155 1G7 170 168 163 176 171 177 169 175 171 175 167
Tentorio-brcgmatic dia-

meter 93 93 93 96 97 102 88 88 96 93 96 103 97 97

Tentorio - perpendicular

diameter . 97 96 97 97 100 104 86 95 97 96 98 107 95 98
Tentorio - lambdal dia-

meter 66 68 71 56 73 79 73 70 74 68 68 72 62 61

Tentorio - occipital dia-

meter 37 38 48 45 49 45 43 27 54 49 63 37 47 24

Collective height of

vault in four dia-

meters above tentorial

plane, sum 293 295 309 294 319 330 290 280 321 306 325 319 301 280

Glabello-occipital length

and collective height. 468 461 484 474 496 507 481 459 509 482 508 498 480 455
Parieto-squamous

breadth 131 120 131 125 123 126 141 127 135 135 133 131 130 130
Length, breadth, and

collectiveheightabove

tentorial jilane, sum . 599 581 615 599 619 633 622 586 644 617 641 629 610 585
Length, breadth, and

collective height of

five radii from basion,

sum.... 859 778 824 868 868 861 895 855 903 847 880 903 870 880

Cubic capacity 1250 940 1200 1238 1250 1315 1388 1210 1435 1246 1414 1420 1240 1320

Of the four radii which passed through the entire cranial cavity in fourteen male skulls

in the Table, the basi-perpendicular was in six somewhat the longest, in four it was equal

with the basi-bregmatic, and in three somewhat less than the basi-bregmatic. The

difference between the basi-perpendicular and the basi-bregmatic radii was so slight

that the basi-bregmatic may be regarded as expressing in the mean the height of the

cranium. The long diameter from the basi-perpendicular to the occipital pole was

much less than from the perpendicular to the glabella or to the most projecting part of

the vault of the frontal. The basi-lambdal was always less than the basi-bregmatic,

and the basi-occipital was the shortest of the four radii which traversed the supra-

tentorial part of the cavity.

When longitudinal and mesial sections were made through the skulls the length and

the height of the supratentorial, or cerebral, part of the cavity could be precisely measured,

but in skulls where a tracing of the contour has been made these dimensions could

only be approximately estimated by deducting from the tentorial diameters as many
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millimetres as would represent the thickness of the bone of the cranial vault at the

points of measurement.

The greatest length and breadth, along with the collective measurements of the

height radii from the basion to the vault, expressed the diameters of the skull in the

dimensions of length, breadth and height. In the fourteen male Dravidians the sum
of these dimensions showed a range of variation from 778 to 903 mm. The two

extremes were exceptional, and the other crania ranged from 824 to 895, the mean
being 863-4 mm. Some anthropologists have considered that an approximate estimate

of the internal capacity of the skull can be obtained from the external dimensions of

length and breadth, along with one radius of height. It ought, however, to be kept in

mind that the curve of the vault of the cranium in any plane is not a segment of

a sphere, but varies in its degree of curvature, more especially when the height is

measured in the living head from the auditory meatus, or in the skull from the basion.

An estimate based on such measurements cannot, I consider, adequately express the

cranial capacity. I have given in Table IV. the sum of five radii from the basion for

the collective height, which, along with the greatest length and breadth, more com-

pletely embodies the three dimensions, in which, however, the thickness of the bones

of the vault is included. For purposes of comparison this Table includes the actual

capacity of the crania obtained by the method described many years ago in my
Challenger Report (1884), the merits of which have been confirmed by subsequent

experience in the cubage of hundreds of crania. The sum of the external dimensions,

however, does not bear a constant relation to the actual capacity as determined by

the method of cubing, but varies in some cases from about l^ths, in others fths, and

in others -fths of the actual cubic capacity.

In previous memoirs, more especially those on the crania of the Tasmanians,* I have

drawn on the tracings of the sagittal contours the chords of the frontal, parietal, and

occipital arcs ; I have also erected a perpendicular from each chord to the most prominent

part of the arc of each bone, so as to measure the greatest projection of each arc.

The same practice has been adopted in the study of the male Dravidian skulls,

and the results are recorded in Table V.

The nasio-bregmatic chord varied in this series of crania from 97 to 115 mm., the

mean being 109. The bregma-lambdal chord in one skull was only 99, in four 120,

and in one 122, the mean being 112. The lambda-inial chord was the shortest ; in four

crania it was below 60, in only three did it reach from 70 to 7&, and the mean was 64.

In considering the length of the perpendicular drawn from each chord to the most

projecting part of its arc, the thickness of the bone at that spot is included with the

corresponding diameter of the cavity. When the contour had been obtained in a skull

sectionally made, as in the Gond skull No. 1, the thickness of the frontal bone at the

bregma-nasal perpendicular was 10 mm., which, subtracted from the length, 28 mm., of

that line, left 18 mm. for the perpendicular in the corresponding part of the cranial

* Trans. Roy, Soc, Edin,, vol. xlvi., part ii., 1908, and vol. xlvii., part iii., 1910.
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Fif!. 81.—Muiida. Fig. 82.—Turi.
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Fig. 83.—Pahariya. Fig. 84.—Bhoomiz (Santal).

Fig. 85.—Juang. Fig. 86.—Tamil Sudra, H.

6. Basion.
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, occipital

EXPLANATION OF LETTERING.

6. Ml. Basi-inial diameter.

diameter. g. Glabella.

g.in. Glabello-inial plane

n.t. Nasio-tentorial ,,

lar ,, op. Opisthion.

) J f.m. Foramen magnum.
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cavity. In the Miinda skull, again, the bregraa-nasal perpendicular was 21 mm., the

frontal was only 4 mm. thick, and the perpendicular in the cavity was 17 mm. Other

examples also could be given to show the importance of deducting the thickness of the

vault from the bregma-nasal perpendicular in the tracings on the surface of the crania,

in estimating the proportion which the most projecting part of the frontal bone bears to

the space occupied by the cerebrum. In each skull the lambda-inial perpendicular was

relatively short, ranging from 6 to IG mm., with a mean 9 '3 mm. ; the bregma-lambdal

was much longer, ranging from 14 to 29, the mean being 23 "8 ; whilst the bregma-

nasal perpendicular, which expressed the projection of the frontal bone, was somewhat

longer, ranging from 21 to 31, with a mean 26"9 mm.

Table V.

—

Dravidian Tribes.

Bhils. Gonds.

q -a
a a

Tamil
Sudra.

7. 8. 9.

mm.

A.

1.

B.

2.

D.

4.

g H a 2 =«

mm.

1-5

8. 10.

Nasio - bregmatic cliord mm. mm. mm. mm. mm. mm. mm. mm. mm. mm. ram. mm.
of frontal, Ir.n. 108 102 101 114 113 110 110 97 108 112 115 109 115 112

Bregma - uasal perpen-
dicular to outer surface

of frontal . 23 26 23 28 30 30 29 21 28 26 31 25 29 28

Bregma-lambdal chord
of parietal, bf.l. 112 104 107 120 111 116 106 99 120 107 120 122 106 120

Bregma - lambdal per-

pendicular to outer

surface of parietal 24 22 23 29 20 20 14 26 27 23 25 28 20 27

Lambda-inial chord of

occipital, l.in.. . 69 60 65 61 62 70 76 69 65 58 65 59 57 70

Lambda - inial perpen-

dicular to outersurface

of occipital 6 9 10 10 6 13 16 10 9 9 9 8 6 10

Glabello inial diameter

.

176 158 168 171 172 161 177 175 182 169 176 174 180 168

Bregma-glabellar chord 106 99 98 111 107 106 110 93 103 104 112 104 111 105

Bregma - glabellar per-

pendicular 20 23 22 23 24 26 23 17 23 20 25 19 25 22

Bregma angle

(Schwalbe) 60° 63° 60° 63° 59° 56° 71° 63° 64° 71° 60° 68° 70° 50°

Bregma - nasio - tentorial

angle (Turner) 57° 60° 59° 60° 61° 67° 74° 65° 63° 71° 60° 60° 69° 58°

In this memoir, as in Part II. on the Aborigines of Tasmania,* I measured the

angle formed by the anterior end of the glabello-inial diameter with that of the bregma-

glabellar chord, the bregma angle of Schwalbe. This angle (Table V.) in three

Dravidian skulls was from 50° to 59°, three were 70° to 71°, but the majority ranged

between 60° and 68°, whilst the mean of the series was 627°. In seven Tasmanian

skulls I found that the bregma angle ranged from 54° to 60°, with a mean 57'1°
; and

in seventeen Australians the range was from 50° to 62°, with a mean also 57"1°. The

Dravidian skulls, whilst showing a much greater range of variation, had a higher

mean, a more open angle, which, in relation to the glabello-inial diameter, expressed a

higher degree of frontal elevation.

I have also stated in Table V. the angle formed by the junction of the anterior

* Trans. Roy. Soc. Edin., vol. xlvii. p. 448, 1910.



CRANIOLOGY OF PEOPLE OP INDIA. 719

end of the nasio-tentorial diameter with the nasio-bregmatic chord of the frontal, i.e.

the hregma-nasio-tentorial angle. This angle ranged from 57° in a Bhil to 74° in the

Kol, and the mean of the series was 63'1°, a fraction greater than the bregma angle;

though a comparison of the two angles will show that in one-half the number of skulls

the bregma angle was a little more than the bregma-nasio-tentorial, in two specimens

they were equal, and in five the latter was somewhat the greater. In the Tasmanian

skulls previously recorded the mean bregma-nasio-tentorial angle was 55*5°, and in

the Australians it was 5
8 "4°. In the Dravidians, therefore, this angle, though in the

mean more open than in those two races, yet, as regards individual skulls, it was

sometimes greater, at others less, and in one skull it was equal to the bregma angle.

FRONTIER TRIBES OF BURMA.

I am indebted to Colonel G. J. H. Bell, Inspector-General of Prisons, who, at the

request of Surgeon-General Sinclair, forwarded to me in the summer of 1910, for the

Anatomical Museum, thirteen skulls collected by medical officers living on the frontiers

of Burma. Burma is divided administratively * into [a] Northern or Upper Burma,

which includes the Chindwins and the Chin and Kachin Hills
; (6) Burma proper or

Lower Burma, practically the valley of the Irawaddy to the south of the gorge
;

(c) the

Shan Tributary States, subdivided into the Northern and Southern States. The

Northern States are for the most part south of Bhamo and west of the Salween River,

between it and Mandalay, though they also include those Wa States which are to the

east of that river. The Southern Shan States are partly to the west of the Salween,

but cross it eastward as far as the Mehong River ; China forms their eastern boundary,

and Siam and Kareni lie to the south.

Pakokku District.

Pakokku is an extensive district in Upper Burma, bounded on the west by the

Chin Hills, on the north by the upper and lower Chindwin districts, on the east by

the Chindwin River where it joins the Irawaddy, on the south by the Mimbu area

situated on the west bank of the Irawaddy and by the Myingyan area on its east bank.

I owe to Captain H. J. Augustine, I. M.S., Civil Surgeon in Pakokku, one group of

skulls, eight in number, which were collected by the subdivisional officer at Gangaw,

in the north-western part of the district. Two skulls were marked Chinbok, two

Taungtha, and four Yaw.

Chinboks. Table VI. (Plates XII., XIII.)

The Chin Hills are situated to the west of the Chindwins and Pakokku, and are

occupied by tribes known generally as the Chins. They have already been referred to

and their skulls described in Part I. of these memoirs on the Craniology of the people

* Upper Burma and Shan States Gazetteer, vol. i. part i., p. 3, Rangoon, 1900.
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of India.* Up to 1892 the Northern Chin Hill tracts were administered from Fort

White, the Southern from Haka, but they have since that date formed a single district

administered from Falam, a village of the Tashons.t

The Chinboks are one of the tribes, and live in the hills from the Maw River to the

Sawchaung. The men averaged about 5^ feet in stature ; they wore a loin-cloth and a

piece of cloth suspended by string from the shoulders ; the women wore a loin-cloth and

a sleeveless jacket or jersey. The hair was not cut and was tied into a knot on the top

of the head. Both sexes wore bracelets, necklaces, earrings, feathers, and the skins were

tattooed. They smoked, drank, danced, and had musical instruments. The men were

armed with bows and with daggers. They lived in village communities and cultivated

the soil. Their religion was a primitive form of spirit-worship with sacrifices. They

cremated the dead, though the Chins proper buried the bodies.

Two skulls, marked Chinboks Nos. 20, 21, were obtained in Pakokku by Captain

Augustine ; one was aged and toothless, the other was adult, and both were

apparently males.

Norma verticalis.—Cranial outline elongated and ovoid, cephalic index respectively

72'7 and 75'7, the mean, 74"2, was dolichocephalic. Sagittal line was somewhat

raised, and as the skull sloped steeply to the parietal eminence, the vault was roof-

shaped, though it arched in its curve from before backwards to the lambda. The

parietal eminences were feeble and the side walls were nearly vertical. In one the

occipital squama was flattened, in the other it was a little convex ; the inion, the supra-

inial line, the curved lines, and the processus retromastoideus were distinct. In one

the anterior and posterior supramastoid tubercles were distinct. The skulls were

phsenozygous ; one rested behind on the mastoids, the other on the convex cerebellar

surface of the occiput.

Norma lateralis.—The lower or facial forehead somewhat receded, the glabella

and superciliary ridges were moderate, and the latter were separated from the supra-

orbital border by a foramen ; no torus supraorbital is ; moderate supraorbital trigone

;

feeble supraorbital transverse depression ; frontal eminences feeble, bone not metopic.

Nasion a little depressed, lower ends of nasals projected forwards, bridge slightly

keeled and concave ; internasal suture 20 and 26 mm. respectively, greatest breadth

of nasal 12 mm. In one the parietal longitudinal arc was the longest, in the other

the frontal, in both the occipital arc was the shortest.

Norma facialis.—The anterior nares were bounded in the aged skull by a sharp crista

prsonasalis which reached the maxillo-nasal spine and formed a definite ridge dividing

the nasal floor from the incisive region. In the adult the crista was not sharp, did not

form a dividing ridge, and a shallow post-nasal groove was present ; the incisive fossae

were deep. The height of the nose was 53 and 49 mm. respectively, and the greatest

width of the nares was 27 mm.; the mean nasal index, 51, was mesorhine. The com-

* Trmts. Roy. Soc. Edin., vol. xxxix., 1899.

t Ujjper Burma and Shan Slates Gazetteer, part i., vol. i., Rangoon, 1900.
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Table VI.

—

Tribes of the Pakokku District.

Group XXI., Sub-group F.

ChinbSks. Taungtha. Yaws.

Collection number 20 21 22 23 24 25 26 27
Age .... Aged Ad. Ad. Juv. Ad. Aged Aged Ad.
Sex ... . M. M. M. M. M. M. F.
Cubic capacity 1320 1310 1480 ... 1570 1270 1360 1329
Glabello occipital length 183 177 183 l.')9 175 165 179 .182
Basi-bregmatic height . 141 136 139 124 143 135 138 132
Vertical Index 77- 76-8 76- 7S- 81-7 81-8 77-1 72-5

Minimum frontal dia-

meter 95 92 86 79 98 91 89 88
Stephanie diameter 99 100 91 111 111 111 106
Asterionic diameter 103 100 113 104 104 106 107 104
Greatest parieto-squam-

ous breadtli 133s. 134s. 135s. 138s. 144s. 141s. 138s. 135s.

Cephalic Index 72-7 75-7 73-8 86-8 82-3 85-5 77-1 74-2
Horizontal circumference 512 498 509 510 493 506 505
Frontal longitudinal arc 130 133 133 123 128 127 124 130
Parietal ,, 136 131 131 117 120 119 132 123
Occipital ,, 105 114 119 110 123 99 110 125
Total . 371 378 383 350 371 345 366 378
Vertical transverse arc . 305 287 297 . • > 322 300 300 297
Basal transverse diameter 124 123 121 126 121 116 116
Vertical transverse cir-

cumference 429 410 418 448 421 416 409
Length of. foramen mag-
num.... 35 32 34 32 39 32 36 34

Basi-nasal length . 108 89 102 82 104 98 101 98
Basi-alveolar length 88 100 76 95 93 100
Gnathic Index 98-9 98- 92-6 91-3 94-9 104-2
Total longitudinal cir-

cumference 514 499 519 514 475 503 510
Interzygomatic breadth . 136 130 127 133 132 127 120
Intermalar ,, 124 116 115 120 121 114 110
Nasio-mental length 119 120 • . > . . • 109
Nasio-me7ital complete

facial Index 91-5 91^-5 • > . 90-8

Nasio-alveolar length . . . 67 66 57 "Vo 75 66
Maxillo-facial Index 51-5 51-9 52-6 56-8 55-5

Nasal height 53 49 48 40 54 53 48 49
Nasal width . 27 25 26 25 25 27 24 25
Nasal Index

.

50-9 61- 5J^-2 62-5 46-3 50-9 50- 51-

Orbital width 40 36 38 33 40 40 37 36
Orbital height 34 33 30 31 37 37 36 31
Orbital Index 85- 91-7 78-9 9S-9 92-5 92-5 97-3 86-1

Palato-maxillary length . 53 53 39 48 53 53
Palato-maxillary breadth 65 64 58 65 60 65
Palato-maxillarij Index

.

122-6 120-7 148-7 135-4 113-2 122-6

Nasio-malar Index 111-7 106-5 107-3 107-5 110-7 105-9 105-3 104-3

Cranio-facial Index 74-3 73-If 69-4 76- 80- 70-9 65-9

Symphysial height . 54 34 23 31
Coronoid ,, 62 57 63 39 54

C3
Condyloid „ 52 66 69 40 56

U Gonio-symphysial

length . 83 85 61 87
o
H-1

Inter-gonial width . 110 99 99 80 92
Breadth of ascending

ramus . 34 32 34 26 ... 37

TRANS. ROY. SOC. EDIN., VOL. XLIX. PART III. (NO. 13). 98
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plete facial index in the adult was 9r5, its maxillo-facial index was 51*5
; both

indices were high-faced, leptoprosopic. The gnathic index in the same skull, 98 "9,

was prognathous ; the canine fossae were moderately deep. The nasio-malar index in

the aged skull was 1117, prosopic ; in the adult 106"5, mesopic. The fronto-malar

border of the orbit was thickened, the infraorbital suture was faint in the adult, the

interorbital width was 23 and 25 mm. respectively, the orbital index, 917, in the

adult was megaseme, in the aged the index, 85, was mesoseme. The hard palate in

the adult was high-arched and roughened and the teeth were somewhat worn, the

palato-maxillary index, 122'H, was hyperbrachyuranic. The lower jaw had a projecting

chin, the angle was obtuse, the coronoid feeble, and the muscular markings moderate.

The alveolar border was feeble. In the aged the jaw was toothless and senile.

In the adult the cranial sutures were distinct ; small Wormians in lambdoid, no

epipterics ; no third condyl, nor pterygo-spinous plate, nor flattening of occipital

condyls ; one jugal was tuberculated. In the aged skull the sutures were obliterated, the

styloids were ossified ; the compartment for the right jugular vein in the foramen was

very large, that for the left was almost obliterated.

The mean vertical index was 7 6 "9, hypsicephalic, or high skull. In each skull the

basi-bregmatic height was more than the greatest breadth. The mean breadth-height

index was 103"5. In this respect these skulls were hypsistenocephalic, i.e. they were

high and narrow, a character which I have recognised and described elsewhere * as

present in many dolichocephalic aboriginal races. The cranio-facial index, computed

by dividing the interzygomatic breadth x 100 by the glabello-occipital length, was

in one skull 73*4, in the other 74 '3. The cranio-facial index therefore was low, which

is a frequent character of the dolichocephalic skull, a relatively long and narrow skull

being associated with a relatively high and narrow face.

In Part 1. 1 I described five skulls, with measurements and figures, collected at

Jiddim in the North Chin Hills, also one from Klungroa in the South Chin Hills.

They formed a homogeneous group, the cephalic index of which ranged from 71'0 to

77 "5, the mean being 75 ; they were therefore either dolichocephalic or in the lower

term of the mesaticephalic group; the vertical index ranged from 707 to 7
8

"6, two

were relatively high, hypsicephalic, but no specimen was low or chamsecephalic, and the

mean, 73"4, was metriocephalic, moderate in height. The mean gnathic index was 97 '6,

orthognathous, though one skull, with index 1065, was prognathous. The mean

nasal index was 52*1, mesorhine or moderate in the relative width of the anterior

nares, though three were platyrhine, wide nostrils, with the index above 53. The

mean orbital index, 90 '2, was high, as a rule they were megaseme, and only one

specimen had a low orbit with microseme index. The mean maxillo- or upper facial

index, 50*4, was high and narrow, leptoprosopic in proportion, but when the lower

jaw was included the complete facial index was much lower, chamseprosopic, which

* See my nieinoir, "The Ci-iiiiology of the People of Scotland," in Trans. Eoy. Soc. Edin., vol. xl. p. 599, 1903.

t Trans. Jioij. Soc. Edin., vol. x.xxix., part iii., 1899.
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pointed to a comparatively feeble mandible, though two specimens approached the

leptoprosopic group.

In their characters the two Chinbok skulls now described corresponded generally

with those from the Chin Hills previously recorded. The mean cephalic index, 74*2,

was dolichocephalic ; the height in each skull was greater than the breadth, they were

hypsicephalic, and the mean vertical index was 76 "9. The gnathic index, 98 '9, could

be computed in only one skull, a shade above the conventional limit of ortho-

gnathism. The mean nasal index was 50*95, mesorhine. The orbit in one was high and

the index was megaseme, in the other it was moderate or mesoseme. The lower jaw was

present in only one skull, the complete facial index of which, 91*5, was leptoprosopic,

narrow and high-faced, which was also the proportion of the upper or maxillo-facial

index, 51 '5. The mean cubic capacity of the two male Chinbok crania was 1315 c.c,

which corresponded exactly with the mean capacity of the five male skulls from the

Chin Hills described in Part I.

There can, I consider, be no doubt that the Chinbok skulls were those of men of

the same race as the inhabitants of the Chin Hills, who had probably left their native

mountains for the lower grounds in the Pakokku district. I had also in Part I. described

five skulls of the people who occupy the Lushai Hills, which extend westwards from

the Chin Mountains. Two of them were brachycephalic, but the others had a mean

cephalic index, 74*6. Of these dolichocephalic specimens it may be said that they were

probably the same race as the Chins, or at least that they had close affinities with them.

Taungtha. Table VI. (Plate XIII.)

The Taungtha or Taungthu skulls were received from Tilin, a township in Pakokku,

which is situated east of the Chin Hills and has the Yaw township to the south and

Gangaw to the north. It is stated in the Gazetteer that they form nearly half the

population of the Myelat,^ and the state of Thaton (Hsa-htung) is so completely

Taungtha that the Myoza is of that race ; they are said to extend also into the western

part of the Southern Shan States. They live in villages by themselves, and are

nominally Buddhists but practically spirit-worshippers. Their language is distinct from

Burmese and is like the Chinbok. Colonel Lewin, for many years Deputy Commissioner

in the Chittagong district, regards the term Taungtha as signifying "children of the

hills," t and under this name he includes the Tipperah tribes and the Lushais or

Kookies with their offshoots.

Two skulls were labelled Taungtha, an adult male and a child in the first dentition.

Norma verticalis.—The adult cranium No. 22 was elongated and ovoid in its outline,

and the cephalic index was 73-8, dolichocephalic. It was not keeled, the slope outwards

* The term Myelat, i.e. Middle Country, is applied to Pakokku and neighbouring districts, which form the middle

part of Burma, at the limits of Upper and Lower Burma. The population of Pakokku is stated (Gazetteer, vol. B)

as about 360,000 in 1901, of which the Burmese numbered 341,360, the Chins 6535, the Taungthas 5701.

+ Hill Tribes of Chittagong, 1869.
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to the parietal eminences was steep and the side walls were almost vertical, the post-

parietal region was not flattened and the occipital squama was bulging ; the inion and

curved lines were moderate and the processus retromastoideus was distinct. The skull

was phoenozygous.

The lower facial forehead slightly receded ; the glabella and superciliary ridges were

moderate, and the latter were separated from the supraorbital borders by the notch

;

the trigone was distinct and slightly concave, the transverse supraorbital depression and

the frontal eminences were moderate, the bone was not metopic. The nasion was a

little depressed, the internasal suture was 23 mm. long, the nasal bone was 11 mm.

wide, the interorbital width was 22 mm. The mastoids were moderate. The frontal

longitudinal arc was the longest, the occipital was the shortest.

Norma facialis.—The sharp lateral border of the anterior nares faded away on

the incisor fossa ; behind it was a narrow prsenasal fossa bounded behind by the margo

infranasalis in the wall of the inferior meatus, which also formed a sharp border

separating the nasal floor from the incisive region, and ended in the feeble maxillo-nasal

spine. The nasal height was 48 mm., its width 26 mm., the index, 54"2, was platyrhine.

Although the gnathic index was only 98, the alveolar border was directed obliquely

forward and showed alveolar prognathism. The orbital index was only 78 "9, and the

orbits were low, microseme. The canine fossae were deep. The hard palate was highly

arched, the teeth were partially worn ; the palato-maxillary index was 120 "7, brachy-

uranic. The lower jaw was strong, chin square projecting, alveoli deep, teeth worn,

angle almost rectangular, coronoid broadly triangular, mental foramen placed below

second premolar. The complete facial index, 9
4
'5, and the maxillo-facial index, 51 '9,

showed the face to be high and narrow, or leptoprosopic.

The cranial sutures were distinct ; no Wormian nor epipteric bones, nor third condyl,

nor pterygo-spinous plate were seen. The jugal processes were tuberculated, and a strong

paramastoid was separated from the mastoid by a deep mastoid groove. The styloid

processes were ossified and the glenoid fossae were deeply concave. The basi-bregmatic

height exceeded the greatest breadth, and the vertical index was 76. The breadth

-

height index was 102*9, and the skull was high and narrow, or hypsistenocephalic.

The cranio-facial index was 69*4 and was therefore less than the cephalic. The

nasio-malar index, 107 '3, was mesopic.

The skull of the child Taungtha No. 23, judging from the dentition, was about

seven years of age. Its dimensions are recorded in Table VI., from which it can be

seen that it was hyperbrachycephalic, 8 6 '8, and the cephalic index was greatly in

excess of the vertical index, 78. It had the customary characters of a child's skull.

The gnathic index, 92"6, was orthognathous ; the nasal index, 62'5, was platyrhine;

the orbital aperture was rounded and the index, 93'9, was megaseme ; the hard palate

was low, the maxillo-premaxillary suture was distinct, and the palato-maxillary index,

148 '7, was hyperbrachyuranic. The nasio-malar index, 107*5, was mesopic. The

squamoso-temporal bones were absent. In the lower jaw the chin was feeble, not project-
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ing, the alveoli were shallow, the muscular markings feeble, the angle obtuse, and the

mental foramen was below the interval between the first and second milk molar teeth.

The skull of the child differed materially in its relative proportions from that of

the adult male, and was so immature that its characters can have little value in

determining the race. The adult corresponded in its relative dimensions with the

Chinboks, and as they are also said to agree in language, they are doubtless of the

same race.

Yaws. Table VI. (Plates XIII. , XIV.)

The Yaws live in the Yaw Valley subdivision of the district of Pakokku. The

skulls received were from the Yawdwin township, situated to the east of the Chin Hills.

The Yaws are sometimes regarded as a Burmese tribe ; the Shans claim them to be

Shans, and they may be the earlier owners of the land. Some are civilised through

contact with the Burmese. In the Census of 1891 only 370 returned themselves as

pure-blooded Yaws, and the writer in the Gazetteer thinks that before long they may

disappear as a separate entry in the Census. Skulls collected in this district probably

therefore represent people of mixed race.

The four skulls marked Yaw were apparently three males and one female. They

had reached adult age, and two were advanced in years. The skull of the female

retained the lower jaw. They differed materially in the cranial relations of length and

breadth. Two males were definitely brachycephalic, a third male was mesaticephalic,

77'1, approximating to dolichocephalic, and the female was in the dolichocephalic

group, 74'2.

The brachycephalic crania, Nos. 24, 25, had the cephalic index 82 '3 and 8
5
"5

respectively. In the norma verticalis they were rounded in outline, not ridged in

the sagittal region, the vault sloped downwards moderately to the parietal eminences,

and the widest diameter was in the parieto-squamous region. The parieto-occipital

slope was steep and flattened from side to side in the occipital squama, though without

definite evidence of artificial flattening during infancy. The inion and crista were

strong in one but not in the other, the skulls were cryptozygous.

Norma lateralis.—The facial or lower forehead receded somewhat more in one than

in the other. The glabella and superciliary ridges were moderate, and the latter were

differentiated by a notch from the supraorbital border ; the torus supraorbitalis was

not formed, the transverse supraorbital depression was slight, the supraorbital trigone

was flattened. The frontal eminences were moderate and the bone was not metopic.

The nasion was not depressed, the nasal bones projected only slightly, the bridge

was slightly keeled in one, but not in the other. The internasal suture in one was

21 mm., in the other 26 mm. long. The frontal longitudinal arc was the longest,

in one the parietal arc was the shortest, in the other the occipital arc. The mastoids

were moderate, and the skulls rested behind on the cerebellar part of the occipital bone.

Norma facialis.—In one the lateral border of the anterior nares was sharp and



726 PRINCIPAL SIR WILLIAM TURNER ON

ended below in the incisive region, the fossa prsenasalis was faint and its posterior

border passed across the floor of the nose to the ridge behind the maxillo-nasal spine.

In the other skull the lateral border was thickened and ended in the maxillo-nasal spine,

no definite fossa pr,nenasalis was visible. In both the incisive fossae were distinct and

separated by a mesial ridge. The canine fossse were distinct. The nasal index in one

was 46*3, in the other 50'9, the mean was mesorhine.

The maxillo-facial index in one was leptoprosopic, in the other mesoprosopic. The

gnathic index in both was orthognathous. The nasio-malar index in one was 1107,

pro-opic, in the other 105*9, platyopic. The nasal profile was a little concave. The

fronto-malar border of the orbit was thickened in one skull. The intraorbital breadth

was 25 mm. in one, 24 in the other. The orbital index was megaseme, high and

rounded. The hard palate was highly arched, the maxillo-premaxillary suture was

obliterated, the palato-maxillary index in one was mesuranic, 11 3 '2, in the other

hyperbrachyuranic, 135*4.

The cranial sutures in one were in process of fusion, no epipteric bone, nor

pterygo-spinous plate, nor third condyl ; in one the jugal had a tubercular para-condylar

process. In one skull the breadth was more than the height, in the other they were

almost equal, the vertical index was hypsicephalic, high skulls. The mean breadth-

height index was 98*2. The cranio-facial index was in the mean 78. In the males the

skulls ranged in capacity from 1270 c.c. to 1570 and the mean was 1400 c.c, the

capacity in the female was 1329 c.c.

Of the other two Yaw skulls. No. 27 was dolichocephalic, No. 26 was mesaticephalic.

In No. 27 the feminine characters were very distinct ; the occipital squama was bulging

;

the skull was cryptozygous. In both the anterior nares had sharp lateral borders,

the prsenasal fossae were narrow and the margo infranasalis reached the maxillo-nasal

spine. The nasal index was mesorhine. The orbital index in one was megaseme, in

the other mesoseme. The senile edentulous condition of the jaws in one prevented

their measurements from being taken, but in the female the gnathic index, 104*2,

showed a degree of prognathism, whilst the maxillo-facial and complete facial indices

were leptoprosopic or high-faced. In the female the teeth were only slightly worn,

the lower jaw had a square projecting chin, the angle was somewhat oblique, the

coronoid was short, the muscular lines and tubercles were moderate, the mental

foramen was below the second premolar. The cranial sutures were distinct, the lambdoid

contained a small Wormian bone, no epipterics.

The variations in type shown by the skulls from the Yaw valley supported the

opinion that the people living in it are a mixed population. It is probable that those

with the brachycephalic form of skull and head are similar in race to the brachycephalic

Burmese ; whilst those with the dolichocephalic skulls have affinities with the longer-

headed tribes of the hill districts,
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South Shan Tribes. Table VII. (Plate XIV.)

The second group of skulls were received from Captain R. D. Macgregor, I.M.S.,

Civil Surgeon at Loi Mwe.* They were five in number and belonged to various tribes

in the district of Keng Tung (Kyaington, Kiang Tung), one of the Southern Shan States,

which is situated between the Salween and Mehong Rivers, between 21° and 22°

latitude.

Captain Macgregor writes that the skulls were obtained with considerable

difficulty, as the tribes are very shy and superstitious, especially in regard to their

dead. Facts as to age and sex could not be obtained. He did not himself procure

them from their burial-places, but he regards his agents as trustworthy, and that the

names given to the skulls are correct.

No. 1 is marked Tai Loi, a name which probably signifies Hill Shans ; they are

regarded as people of Wa origin who had adopted Buddhism. They have profited

by Shan civilisation and bury the dead, but they still sacrifice and make offerings

to spirits.

No. 2. The Tame Wa live on hills of a moderate elevation in Keng Tung. A
section of the Wa tribes is named the Wild Wa ; they occupy the country about

100 miles along the Salween River, and the watershed between it and the Mehong

River, though isolated villages occur as far east as the latter river. Some Wa tribes

have adopted Buddhism, but generally they are spirit-worshippers.

No. 3, marked Mu Hso, was from a tribe, called variously La'hu, Law'-he, or Myen,

which is said to have come originally from the region of the Irawaddy, where

descendants can yet be found ; but they extended their territory to the west of the

Salween River, where lands were allotted to them and where they came into contact

with the Was.

No. 4, marked Kwi, are apparently of the La'hu tribe ; they have received from the

Shans the name Kwi, but their real tribal name is Lahuchi. Their houses are built of

bamboo and are raised from the ground. Marriage is monogamous. The custom of

burning the dead prevails. They offer sacrifices to the spirits of the hills and forests.

No. 5 is marked Akha, a tribe which is also known as the Kaw or Hka-Kaw.

They are the most numerous and most widely distributed of the tribes in the eastern

hills in Keng Tung, and some are met with to the east of the Mehong River, where

they come into contact with the Chinese. Their skin is swarthy, with coarse heavy

features quite distinct from those of the Shans, and with a higher bridge to the nose

and rounder eyes than the Chinese. Their characteristic feature is perhaps their

pointed projecting jaw. They bury the dead. Their religion is ancestor- or spirit-

worship, and they offer sacrifices.

* I wish to express my thanks to Captain Macgregor and Captain Augustine not only for the skulls but for the

notes which accompanied them ; also for drawing my attention to the Gazetteer of Upper Burma and the Shan States,

in which I have been able to obtain additional information regarding the distribution, appearance and habits of the

people whose skulls had been collected.
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In Part I. of these Indian memoirs I referred to the description of the Shans in the

Keng Tung district given in Mr J. G. Scott's Report.* He stated that the Kwi formed

a numerous hill tribe. The Kaw (Akha) had more the Chinese type of face and ate

dogs. The Wa were in part savages and head-hunters. The Wild Wa were said

to have darker skins than the Tame Wa, and were about 5 feet 5 or 6 inches in

stature.

Of the five skulls of the Keng Tung tribes, apparently only one (Tame Wa) was a

male. It was an adult. One female (Tai Loi) was adult ; another (Mu Hso) was aged
;

another (Kwi) was adolescent, the wisdoms had not erupted and the basi-cranial joint

was not closed; in another (Akha) the facial bones were much injured, but the teeth

had erupted. The lower jaw was absent in each skull.

Norma verticalis.—The male skull of the Tame Wa was broadly ovoid and

moderately elongated, cephalic index 77*3. The others, presumably females, were

more rounded, and the index ranged from 797 to 8
4
'8. The sagittal line was neither

keeled nor depressed. In the Tame Wa the vertex sloped rapidly to the parietal

eminences ; in the females it was not so steep and the transverse parietal arc was more

rounded. The parietal eminences, though distinct, were not prominent except in No. 5,

and the side walls below them were almost vertical. The parietal foramina were either

almost or quite obliterated. In the male the parieto-occipital slope was not so abrupt

as in the females. In the Kwi the post-parietal region and occipital squama were

much distorted and flattened on the right, obviously from sustained artificial pressure

in infancy. The supra-inial squama slightly bulged ; the inion and occipital curved

lines were moderate in the male, feeble in the females. The skulls were cryptozygous.

Norma lateralis.—In the male the lower or facial forehead receded ; the glabella

and superciliary ridges were moderate, each ridge was separated from the supraorbital

border by a shallow supraorbital notch, sufficient to prevent a continuous torus supra-

orbitalis ; the supraorbital trigone and the transverse supraorbital depression were

moderate. In the females the facial part of the frontal approached the vertical, the

frontal eminences were moderate, the glabella and superciliary ridges were feeble, the

supraorbital trigone was less distinct and there was no supraorbital transverse depres-

sion. No skull was metopic or had a mesial frontal keel. In the Kwi the artificial

flattening had forced the left frontal somewhat backwards. The nasion was not

depressed. In the male the lower end of the nasal bones projected forwards and the

nasal profile was distinctly concave upwards ; in the females these bones did not project

and the nasal profile was flattened. The mesial nasal suture ranged in length from

21 to 24 mm. The greatest width of any nasal bone was 9 mm. Except in the Akha

the parietal longitudinal arc was the longest ; in all the females the occipital arc was the

shortest ; in the male the occipital and frontal longitudinal arcs were equal. The

mastoids were feeble, and with two exceptions the skulls rested behind on the convex

cerebellar part of the occiput.

* Report on Administration of Shan States, 1889, 1890, and 1892-93.
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Table VIT,—South Shan Tribes, Keng Tung.

Group XXL, Sub-group L.

Tame Wa.
Kwi,*
LaHu. Mu Hso. Tai Loi.

Akha,
Kaw.

Collection number ..... 1 2 3 4 5

Age Ad. Young Ad. Aged. Adolesc.

Sex ..... M. F. F. F. F.

Cubic capacity 1400 1350 1420 1120
Glabello-occipital length . 181 172 176 162 158
Basi-bregmatic height 129 134 136 124
Vertical Index 71-3 77-9 77-3 76-5

Minimum frontal diameter 87 95 91 85
Stephanie diameter . 105 100 100 100 "96

Ast-rionic diameter . 109 97 109 101 99

Greatest parieto-squamous breadth 140s. 137s. 145 p. 133s. 134p.

Cephalic Index 77-S 797 82-J^ 82-1 8J^-8

Horizontal circumference . 506 490 515 473 465
Frontal longitudinal arc . 118 123 125 113 118
Parietal „ 135 136 130 117 111
Occipital „ 118 113 122 104 109
Total ,, . . .371 372 377 334 338
Vertical transverse arc 293 307 318 292 305
Basal transverse diameter 126 119 124 113 109
Vertical transverse circumference 419 426 442 405 414
Length of foramen magnum 34 35 33 29

Basi-nasal length 98 91 96 94
Basi-alveolar length ... 85 . . .

Gnathic Index 9S-A
Total longitudinal circumference 503 498 506 457
Interzygomatic breadth 135 121 127 121
Intermalar ,, 121 110 110 111

Nasio-mental length

Nasio-mental complete facial Index

Nasio-alveolar length (;2 ...

Maxillo-facial Index 51-2 • • .

Xasal height ... 48 45 "49

Nasal width .... "26 23 26

Nasal Index .... ... Jf7-9 63-1

Orbital width.... 39 40 "38 38

Orbital height.... 35 35 34 34
Orbital Index.... 897 87-5 89-5 89-5

Palato-maxillary length . 46
Palato- maxillary breadth . 61

Palato-maxillary Index . 132-5

Nasio-malar Index . 105-2 107-5 106-5 105-5

Cranio-facial Index . 7J^^5 70-3 72-1 7^-7

* Occiiiital distortion.

Norma facialis.—The face was injured in several skulls. Where the anterior nares

were preserved they were bounded laterally by a sharp crista prsenasalis, which became

less distinct as it ended in the incisive region ; immediately behind its lateral part

was a narrow, shallow^ groove, a fossa prsenasalis, the margo infranasalis of which was

faint, but could be traced across the nasal floor to the feeble maxillo-nasal spine. The

incisive region was not separated from the nasal floor by a sharp ridge. The nasal

index of one specimen, 47"9, was almost mesorhine, that of the other, 53"1, was faintly

TKANS. ROY. SOC. EDIN., VOL. XLIX. PART III. (NO. 1.3). 99
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platyrhine, the mean of the series was mesorhine. The complete facial index could

not be taken; in the Kwi the maxillo-facial index, 51*2, was leptoprosopic, long- or

narrow-faced. The gnathic index, computed by Flower's method, was found in the

same skull to be 93 "4, orthognathous. The canine fossae were well marked. The nasio-

malar index ranged from 105"2 to 107'5, the mean was 106*1, practically platyopic or

Hat-faced. The fronto-malar border of the orbit was not thickened. Except in one

skull the infraorbital suture was obliterated. The intraorbital width ranged from 20

to 23 mm. The orbital index ranged from 87 '5 to 897, and the mean was 89, three

skulls were each megaseme. The hard palate was moderately arched. In one the

torus palatinus medius was present, the maxillo-premaxillary suture was distinct, and

the ovoid anterior palatine fossa was well marked, the palato-maxillary index, 132'j,

was hyperbrachyuranic.

The cranial sutures were obliterated in the Tai Loi and the dental alveoli were

nearly all absorbed ; in the others the sutures were mostly denticulated, but in Mu Hso

they were simple ; in the Tame Wa those of the vault were partially fused, and the

alveoli were partially absorbed. In Mu Hso small Wormian bones were situated at the

junction of the lambda with the sagittal suture. The ali-sphenoido-parietal suture

was usually broad, and Kwi had a small right epipteric. No third condyl was present in

any specimen, and no paracondylar process, though in two the jugals were tuberculated,

no pterygo-spinous process or foramen was seen ; the occipital condyls were convex

and were not partially divided by a groove on the surface. The dental alveoli were

completely absorbed.

The glabello-occipital diameter ranged from 158 mm. in a female to 181 in the

adult male, the mean in the four females was 168 mm. The greatest breadth ranged

from 133 to 145 mm., the mean of the series was 137 "8 mm. The cephalic index in

the adults ranged from 77 "3 to 82'4, and the mean was 8 I '2, brachycephalic. The basi-

bregmatic height in four skulls ranged from 124 to 136 mm., and the mean was 1307

mm. ; in each skull the height was definitely less than the breadth ; the vertical index

ranged from 71*3 to 77'9, and the mean was 757, i.e. in the lower range of the

hypsicephalic group. The breadth-height index ranged from 92*1 to 97'8, and the

mean was 94*2
; in each case the index was distinctly below 100, so that they may be

designated platychamsecephalic, wide low skulls."* The cranio-facial index in four

skulls ranged from 70"3 to 747, and the mean was 72*9
; in each the interzygomatic

breadth was less than the parieto-squamous, and the cranio-facial index was there-

fore less than the cephalic. In three crania regarded as females the capacity

ranged from 1120 to 1350 and the mean was 1296 c.c. ; the male had a capacity

1400 c.c.

Of these skulls the male had the lowest cephalic index, 77"3, about the middle of

the mesaticephalic group ; the females, on the other hand, were definitely brachy-

cephalic in proportion and characters. The height was less than the breadth, a feature

* See my memoir, "Craniology of People of Scotlaml," Trans. Roy. Soc. Edin., vol. xl., jjart iii., 1903.
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which prevails in brachycephalic people generally, and although not invariably found

points to a brachycephalic type.

In Part I. of these memoirs on Indian Craniology, in which I described the skulls of

a number of persons who had died in the prison at Insein, Burma, four, said to be Shaiis,

are included in its Table VI. Of these, two were distinctly brachycephalic in propor-

tions and form, with cephalic indices 80 "6 and 80 respectively; one was in the higher

term of the mesaticephalic group, 78 7, whilst only one, said to be from the South

Shan States, was dolichocephalic, 74'0.

The evidence afforded by both series of skulls leads to the conclusion that the Shan

States are inhabited, in some districts at least, by a brachycephalic people. The

collection is too small to enable one to come to a more definite conclusion, and it is

probable that a dolichocephalic race or races constitute a proportion of the population,

especially in the hilly tracts. It is to be kept in mind that the Shan States are in

close proximity to Western China and to Siam, in which brachycephalism prevails,

and that they have affinities to these Mongolian people. I may refer on this point

to the late Dr John Anderson's account of his journey in the Shan States,* in which

he described the Shans living in the valley as having the sallow tint of the Chinese,

dark brown eyes, black hair, broad flat faces, prominent cheek-bones, and with some

obliquity of the outer angle of the eyelids as in the Chinese.

Tibetans. Table VIII.

In Part III. (1906) of my memoirs on Indian Craniology I described the skulls of

two natives of Tibet t presented to me by Major C. N, C. Wimberley, I.M.S. In a

subsequent;}: memoir (1907) I described the skulls of two other Tibetans.

I have now cordially to acknowledge the receipt in 1908 of two additional skulls,

which, like those described in 1907, were presented to me for the Anatomical Museum

by Lieutenant F. M. Bailey, who obtained them at Gyantse, Tibet, where he acted as

British Agent. Of these skulls. No. 6 was apparently a male, said to be a Khamba, the

other, smaller in dimensions, obviously a female, had no special mark on it. The lower jaw-

was absent in each case. In the male the wisdoms had not erupted and the basi-cranial

joint was not ossified ; in the female the wisdoms had erupted and the basi-cranial joint

was almost closed. For convenience of reference the measurements of all the Tibetan

skulls are included in Table VIII.

Norma verticalis (Nos. 6 and 7).—The cranial outline was ovoid ; in the male the

sagittal line was not raised ; in the female it was somewhat elevated, though not ridged,

and the slope from the suture to the parietal eminence was steeper in the female than

in the male. The parieto-occipital slope was moderate, the occipital squama bulged

somewhat more in the male than in the female. The male was cryptozygous, but in the

* Report on the Expedition to Western Yunan via Bhamo, Calcutta, 1871.

t Trayis. Roy. Soc. Ediri., vol. xlv., part ii., p. 288, 1906.

X Idem, vol. xlv., part iii., p. 812, 1907.
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female the zygomata were just visible in this norma. Both were dolichocephalic, 737,

7
3
"9. The breadth was greater than the height, and the mean vertical index was

only 687.

Table VIII.

—

Tibetans.

Group XXIV., Sub-group A.

Lhasa.
Kham,

East Tibet.
C. D. Khamba.

Collection number ..... 1 2 3 4 * 6 7

Age Ad. Ad. Adolesc. Metopic. Adolesc. Ad.
Sex i\r. M. M. M. .M. F.

Cubic capacity .... 1520 1430 1570 1230 1540 1240
Glabello-occipital length 179 184 186 178 186 176

Basi-bregmatic height . 132 141 140 100 130 119

Vertical Index .... 7S-7 76-6 75-3 56-1 69-9 67-6

Minimum frontal diameter . 98 96 98 96 96 89

Stephanie diameter 122 105 105 108 110 100

Asterionic diameter 107 103 120 100 104
[

Greatest parieto-squamous breadth 142 1.37 135 141 137s. 130s.

Cephalic Index .... 79-3 7Jf.-5 72-6 79-2 73-7 73-9

Horizontal circumference 525 515 518 518 522 487

Frontal longitudinal arc 136 127 125 132 128 120

Parietal ,, 132 138 134 130 134 124

Occipital ,, . . 114 109 120 111 115 109

Total ,, 382 374 379 373 377 353

Vertical transverse arc 300 305 281 304 275

Basal transverse diameter . 124 120 124 121 115

Vertical transverse circumference • * . 424 425 405 425 390 j

Length of foramen magnum 34 40 40 31 39 34 1

Basi-nasal length 93 100 104 90 100 94 1

Basi-alveolar length . 93 93 105 104 94 93

Gnathic Index .... 100- 93- 101- 115-6 94- 98-9

Total longitudinal circumference . 509 514 523 494 516 481

Interzygomatic breadth 135 131 136 130 127 120

Interm alar ,, . . 121 118 127 117 116 108

Nasio-mental length . 122 • • >

Nasio-mental complete facial Index 93-1

Nasio-alveolar length .

"75 74 74 65 "65 "66

Maxillo-fucicd Index . 56-5 56-4 54-3 50- 51-1 55-5

Nasal height .... 53 53 54 52 50 46

Nasal width .... 26 24 28 27 25 23

Na^cd Index .... 49-1 Jt5-3 51-8 51-9 50- 50-

Orbital width .... 36 38 40 36 55 37

Orbital height .... 36 37 36 36 55 35

Orbital Index . . .
100- 97-4 90 100- 100- 94-6

Palato-)naxillary length 52 53 60 53 51 47

Palato-maxillary breadth 62 63 67 56 62 56

Palato-maxillary Index 119-2 119- 111- 105-6 121-5 119-

Nasio-malar Index ... 105-2 104-

Cranio-facial Index 75-4 71-2 73-1 72 4 68-2 68-1

'Symphy.sial height 30
s Coronoid 62

•--:
Condyloid ,, 65

0) Gonio-symphysial length 86

2\
Inter-gonial width . 93 ...

JJreadtli of a.scending ramus . ... 37

* No. 5 in the Museum Catalogue, also sent by Lieut. Bailey from Gyantse, is only a skull-cap ; it had probably

formed the half of a praying drum. It was said to be a Khamba ; from its length and breadth the skull to which it

had belonged was probably dolichocephalic. See Trans. Roy. Soc. Edin., vol. xlv. p. 815, 1907.

T
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Norma lateralis.—The facial part of the frontal was almost vertical in No. 7

and receded slightly in No. 6 ; the frontal eminences were distinct, neither was

metopic, the glabella and supraciliary ridges were scarcely marked, and there was no

torus orbitalis ; the supraorbital notches or foramina were distinct, and the frontal was

flattened above the external orbital process. The nasion was not depressed. The

bridge of the nose was low, its transverse outline was flattened and the profile had a

very shallow concavity forwards. In each skull the parietal longitudinal arc was the

longest, the occipital the shortest. The cranium rested behind on the cerebellar part

of the occiput.

Norma facialis.—The height of the nose was about twice its width. Each lateral

border of the anterior nares was a sharp crista prsenasalis. In the female it marked off

the floor of the nose from the incisive region and ended in a moderate maxillo-nasal

spine; a narrow, shallow fossa prsenasalis was behind the crest and was bounded behind

by the raargo infranasalis, which also reached that spine. In the male the crista

prsenasalis was lost below in the incisive region, so that the latter blended with the

floor of the nose and the fossa prsenasalis was indistinct. The nasal index, 50, was

mesorhine. The maxillo- facial index in both was leptoprosopic. The orbits were high

and rounded and the index was megaseme. The hard palate was well arched and the

palato-maxillary index wa^ brachyuranic. The nasio-malar index was 105'2 and 104

respectively, platyopic. The cranio-facial index was 68*2 and 68 "1 respectively.

In the female the cridnial sutures, relatively simple, were well marked ; in the male

they were simple and distinct, except that the sagittal was obliterated save in the area of

the former anterior fontanelle ; the parietal eminences were distinct, the parietal breadth

was considerable, and as there was no scaphocephaly the disappearance of the sagittal

suture could not have taken place before birth or in early infancy. No epipterics, no

Wormian bones except a small one in the occipito-mastoid suture. The under surface

of the jugal process was tuberculated, but there was no third condyl, nor pterygo-spinous

foramen, although one external pterygoid was expanded, and directed backwards.

In the five male crania the capacity ranged from 1230 to 1570 c.c, with a mean

1458, and three exceeded 1500, which is a high average, almost like that found in

Europeans. In the female skull the capacity was 1240 cc.

As the measurements and indices of the skulls Nos. 6 and 7 are given in Table VIII.

,

along with those of the four Tibetan skulls described in my previous memoirs, a

comparison can readily be made of the characters of the six Tibetan crania in the

Anatomical Museum of the University. One of the skulls (No. 1) was from Lhasa, its

form and proportions were essentially brachycephalic, and the cephalic index was

79'3. Another (No. 4), with index 79"2, had a remarkable development of Wormian

bones in the lambdoid and squamous sutures, which had probably modified the relations

of length and breadth, whilst the height was affected by the unusual upward slope of

the basi-occipital.

When the Lhasa skull and No. 4 are excluded, the cephalic index in the others was
TRANS. ROY. SCO. EDIN., VOL. XLIX. PART III. (NO. 13). 100
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below 75, and both in general characters and the proportions of length and breadth

their crania were dolichocephalic. Of these, one (No. 2) was marked by Lt. -Colonel

WiMBERLEY as that of a Kham warrior ; No. 6 was marked Khamba or Kham, whilst

Nos. 3 and 7 were so like in characters to the Khambas that they were doubtless of

the same race.

The Lhasa skull was regarded as that of a typical inhabitant of that city and of

characteristically Mongolian type. The Kham warrior skull (No. 2) was described in

my first memoir as from the Kham province in the east of Tibet, where the people

are dolichocephalic. No. 6, marked Khamba, a name which is without doubt

synonymous with Kham, is also dolichocephalic ; in No. 3, as in the Kham warrior,

the height was more than the breadth and the cranium was hypsistenocephalic.

The group of six skulls included in Table VIII. furnish additional proof to that

provided in my previous description, that in Tibet a dolichocephalic race exists in

addition to the brachycephalic Mongolian race, the latter of which constitutes

probably the main stock of the people of the great Upland Valley of Tibet, who

form perhaps a large proportion of the inhabitants of the Buddhist monasteries

;

whilst the Khams, the warrior or fighting race, are derived from the Kham province

situated in the east of Tibet.

EXPLANATION OF PLATES.

The Plates and Figures are numbered in sequence with those of Parts l.-III. of this series of Memoirs.

The skulls were photographed by Mr Ernest J. Henderson, and the process blocks were made by David

Stevenson & Co.

Plate XII.

Fig. 65. Profile of Bhil skull, XXL, B. 9.

„ 66. Vertex of same. ,, ,,

Fig. 67. Face of Bhil skull, XXI., B. 9.

„ 68. Face of Chinbok, XXL, F. 2L

Plate XIII.

Fig. 69. Profile of Chinbok, XXI., F. 21.

,, 70. Vertex of same.
J) J)

Fig. 71. Profile of Taungtha, XXI., F. 22.

„ 72. Profile of Yaw, XXL, F. 24.

Plate XIV.

Fig. 73. Vertex of Yaw, XXL,F. 24.

,, 74. Face of same
J) >;

Fig. 75. Profile of lame Wa, XXL, L. L

„ 76. Vertex of Akha, XXL, L. 5.

FIGURES IN TEXT.

Fig. 82. Section, skull of Turi.

,, 83. „ „ of PahdriyA.

,, 84. ,, ,, of Bhooniiz, Santal.

„ 85. „ „ ofjuang.

,, 86. Contour tracing, Tamil Sudra, H. 8.

Figs. 76 to 81 are of skulls described in Part II. of my Memoirs on Indian Craniology.

Fig. 77. Contour tiacing of Bhil, No. 8.

„ 78. „ „ of Bhil, No. 7.

„ 79. ,, „ of Gond, D. 4.

„ 80. Section, skull of Kol.

„ 81. „ „ of Miinda.
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The investigations recorded in the present paper have been carried out at various

times during the last six years. A number of the observations on aquatic Oligochseta

were made some time ago in India, and, along with some of the theoretical conclusions,

formed Part IV. of a Thesis ("Studies on the Aquatic Oligochseta of the Punjab")

presented in 1909 for the D.Sc. degree of the London University. This division of

the paper has been considerably extended as a result of further investigations on Indian

freshwater forms, and on the littoral Oligochseta of the Clyde, the latter carried out

at Millport in 1909. The portion of the present paper which is concerned with the

Polychseta and smaller groups represents work done in 1909 at Millport, and in 1912,

during my occupancy of the London University table, at the Plymouth Laboratory.

The observations on intestinal respiration in Oligochseta, especially those which

concern the relation of the antiperistaltic contractions of the gut to the contractions of

the dorsal vessel, led me, in conjunction with my investigations into the anatomy of

the circulatory system in these forms, to the views on the evolution of the vascular

system which are expressed in Section 3 of Part I. My original object in studying the

Polychseta was to find out whether the facts of anatomy and physiology in that group

supported these views. The observations which resulted, while in a general way con-

firmatory, add nothing to the argument ; and the consideration of the evolution of

the vascular system has therefore been left at the end of the part dealing with

Oligochseta, where it most naturally occurs. Certain phylogenetic speculations, on
TRANS. ROY. SOC. EDIN., VOL. XLIX. PART III. (NO. 14). 101
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the other hand, which have for their basis the phenomena and the facts of distribution

of intestinal respiration, come most fittingly at the conclusion of the paper.

I wish here to express my sincere thanks to Mr R. Elmhirst, Superintendent of

the Millport Marine Biological Station, and to Dr E. J. Allen, Director of the Plymouth

Marine Laboratory, for the facilities and assistance so readily afforded me in my work

at these places. My best thanks are also due to the Senate of the University of

London for permission to occupy the University table at Plymouth for a month

during the summer of 1912.

L OLTGOCHiETA.

1. The Phenomena of Antiperistalsts and Ascending Ciliary Action

IN THE Intestine of Aquatic Oligoch^ta.

If one of the smaller aquatic Oligochseta, such as a Nais or Pristina, be placed under

the microscope and observed for a few minutes under a low power, the posterior part,

or even in many cases the whole length of the intestine, will be seen to manifest

recurring contractions, which constrict the lumen, and passing forwards in succession

from the posterior towards the anterior end, die away, perhaps about the region of

the stomach, perhaps some distance before reaching this point. These contractions

are of the nature of those known as peristaltic ; but since they always occur in a direction

from behind forwards, and not from in front backwards, they may, borrowing a term

from mammalian physiology, be better described as an antiperistalsis.

If the intestine itself be now more minutely examined—and though the phenomenon

is often visible with a low power, it is at any rate more obvious with a high one—

•

ciliary motion will probably be seen to be actively going on within the lumen of the

canal. The direction of action of the cilia is obviously, like that of the antiperistaltic

contractions, from behind forwards ; the anus will probably be open, and if some

particles of carmine be added under the coverslip, these may be seen to be swept in,

and thence upwards along the alimentary canal for some distance.

These or similar phenomena have been known for some time among the Polychseta

;

and it is generally recognised that, in many animals of that Order, the intestine has

a respiratory function. In the Oligochseta, the phenomena have not received much

attention. Antiperistaltic movements of the intestine in Enchytrseids have been

described by Vejdovsky (53, p. 33), and are referred to by Michaelsen (32, p. 28)

;

these authors are quoted by Lang (29, pp. 211, 212). Bousfield (9) speaks of the

intestine in the genus Dero as " having a very strong inward ciliary current for a

great part of its length,'' and adds, " in all the Oligochseta a strong inward current is

visible in the hinder part of the intestine, which, no doubt, subserves a respiratory

purpose, as it commences at the point where the arterial system receives its blood from

the venous." Hesse (24) mentions this as a characteristic of the Naididse. Neither

Vejdovsky (54) nor Beddard (3) refer to the phenomena in their monographs on the
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Oligochseta. The appearances are, however, very obvious, and must be familiar to all

students of the group ; it is surprising, therefore, that they should hitherto have received

so little notice. Hence it appears useful to call attention to them, and to what they

imply, viz. that the intestine in the aquatic Oligochgeta has a respiratory function.

I have already made brief mention of the occurrence of antiperistalis and ascending

ciliary action, in the anatomical descriptions of certain aquatic Oligochasta of the Punjab

(46, 47). I have since then continued and extended my previous observations, both

in India and at Millport in Scotland, with results which are set forth in what follows.

Naidid^.

Nais com7nunis Piguet, var. punjahensis.

The above (47, 48a), which I at first supposed to be a variety of N. variabilis

Piguet, is one of the commonest of the aquatic Oligochseta of Lahore ; and it is one

in which the antiperistaltic movements may be seen almost constantly.

Such movements usually occur fairly regularly at intervals of a few seconds. They

extend forwards for a considerable distance, often as far as the stomach, i.e. to about

the eighth segment. In kn animal which is about to divide by fission into two, the

zone of budding off'ers a certain resistance to the forward passage of the wave ; the

antiperistaltic waves, having traversed the whole length of the posterior animal, are

momentarily checked at this point, and, if feeble, fail to enter the anterior animal

;

or, in other cases, only the more violent of the series pass forward beyond this point.

Occasionally the antiperistalsis is replaced by a direct, or antero-posterior peristalsis

at the hinder end of the animal ; this occurred on one occasion after the animal had

been under observation for some time in a small quantity of water ; one may recall

the fact that in the higher animals the second stage of asphyxia is characterised by

violent expiratory movements.

The ascending ciliary movement is not invariably to be seen, and its presence or

absence is often dependent on the opening or closure of the anus. In the same

specimen the anus may at first be open and ciliary motion well marked, while later

the anus is closed and ciliary motion stops. The presence of large quantities of food

or faecal matter in the intestine is not a hindrance to ciliary action ; this may be

very well marked all along the sides of such masses, though they may almost fill

the lumen.

Slavina punjahensis Stephenson.

The species of the genus Slavina are usually found coated with a layer of foreign

matter, which renders the examination of their minute anatomy difiicult, or in some

specimens impossible. The present species (47) forms no exception to the rule, but

the hinder part of the body is frequently less opaque than the anterior, and in suitable

specimens it is not difficult to establish the following points :—Antiperistaltic move-
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ments are always to be observed, extending usually over the greater part or the whole

of the intestine. They are very regular in rhythm ; the frequency may be from

seventeen to thirty-six per minute. Matter in the intestine may at times be moved

for some distance in an anterior direction by the antiperistalsis ; or particles may be

seen to oscillate, moving anteriorly for a little distance with the antiperistaltic wave,

and seeming to recoil back again after it has passed, as if the pressure was now directed

backwards. Faeces nearing the anus may also be carried some distance back in their

course, i.e. anteriorly, by the combined antiperistalsis and reversed ciliary action.

A direct (antero-posterior) peristalsis was observed in this species ; it was slower

than the usual antiperistaltic movements, and occurred for some distance both in front

of and behind the zone of budding in an animal which was preparing to divide. In

one portion of their extent the movements of the gut-wall were mainly confined to the

ventral side of the intestine. At the posterior limit of their extent, which was about

the junction of the anterior and middle thirds of the hinder of the two components into

which the animal was about to divide, they were quite overcome by the antiperistaltic

movements of the hinder portion of the intestine.

The ascending ciliary action is well marked in this species, and may often be called

violent ; it may be very obvious with the low power. It begins at the anus, and ceases

when the anus is temporarily closed. Particles of Indian ink are swept towards the

anus from some little distance outside, and enter the aperture ; they ascend some way

up the intestine, but cannot be followed far.

Branchiodrilus hortensis (Stephenson).

In this species (48), which belongs to one of the few genera of Oligochseta which

possess gills, antiperistalsis is well marked and of general occurrence. The frequency of

the waves may vary from seven to twenty-four per minute ; they may be very violent,

and may extend through the whole length of the intestine, reaching as far as the hinder

end of the oesophagus. In some specimens the contractions were numerous, distinct,

and well defined, but embracing only a small longitudinal extent of the gut-wall ; the

appearance was therefore that of a series of ring-like constrictions of the gut, and since

these travelled slowly along, seven to nine separate constrictions could be seen in the

low-power field of the microscope at once. On one such occasion their character changed

while under observation ; they became larger and less numerous, so that only two were

in the field at the same time.

Ascending ciliary action does not always occur, the anus being frequently kept

closed ; it may, however, be violent and easily visible with the low power.

Aulophorus tonkinensis (Vejd.).

This species, first described by Vejdovsky from an incomplete specimen, has more

recently been investigated by Michaelsen (33) and myself (49). The opportunity of
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making the following observations I owe to Dr Annandale, who kindly sent me living

worms from Calcutta.

Antiperistaltic movements are manifested in this form also. In one case they pro-

ceeded from the anus as far forward as the tenth segment of the posterior component

of a chain of two zooids, and were again obvious in the posterior portion ol the anterior

zooid. In another case they were observed, in the posterior component of a chain of

two, only in segments x.-vii. ; in the anterior component the contractions began near

the hinder end, and passed forwards into the anterior half of the animal, being most

violent in segments xiii., xii., and xi., and ending in segment x. ; the rate was sixteen

per minute.

In this last instance there appeared to be a slight check to the onward advance of

the wave of contraction between segments xiv. and xiii. Later, the violent antiperi-

stalsis previously seen in segments xiii.-xi. became less marked ; and the wave of con-

traction often failed to pass forwards from xiv. to xiii., doing so every second or third

time only.

Reversed ciliary action also occurs ; sometimes, at least, it does or does not occur

according to whether the anus is open or closed. In one case it reached the eleventh

segment of the posterior component of a chain, in another nearly to its anterior end.

Dt^ro spp.

It is in this genus that Bousfield {vide ante) specially noted the occurrence of the

reversed ciliary movement ; it can, in fact, be easily seen with the low power. In

specimens of this genus (species undetermined) found near Lahore, rapid and regular

antiperistaltic movements of the intestine were also to be observed.

Both reversed ciliary movement and antiperistalsis occur also in a second species

of Dero (described but not named by me) (48).

Other Naididse,.

The phenomena of antiperistalsis and ascending ciliary action are also to be observed

in Prutina longiseta Ehrbg. ; in a Pristina which resembles in most respects P.

sequiseta Bourne, though, perhaps, specifically distinct (47) ; and in Stylaria

lacustris (L.).

In Nais paraguayensis Mchlsn. antiperistalsis occurs ; but when I was studying

this form some years ago, I unfortunately made no note as to the occurrence of ascending

ciliary action or its absence, and I have not met with this species again since that time.

In a specimen belonging to the genus Naidium, the only one that I have met with,

and one which I have not specifically identified, I observed antiperistalsis of the usual

kind ; but no ciliary movement of any kind was seen, as the whole length of the

intestine was full of food-matter.

On the other hand, I have not noticed either phenomenon in the two species of
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Chietogaster with which I am acquainted, C. punjahensis (45) and C. orientalis

(described at first (46) under the name C. pellucidus, which, however, was preoccupied).

Though cilia may be seen working in the stomach and intestine of C. punjahensis,

their motion is by no means so obvious as in other Naididse, and the direction is either

antero-posterior or indefinite.

TUBIFICID^.

Limnodrilus socialis Stephenson.

This worm was first described by me from specimens found near Lahore (51);

I have since received examples from Calcutta and Ceylon.

In these animals antiperistalsis is not invariably to be seen, and at the coldest time

of the year, in January, with the temperature of the laboratory about 52° F., the

phenomenon was frequently absent ; the worms at this period were very sluggish, and,

as will be mentioned, often showed no ciliary motion in the intestine.

The antiperistaltic movements, when present, are more limited in extent than

amongst the Naididse ; the most posterior portion of the gut may exhibit them, or they

may be confined to a length of intestine in the middle of the body. The contractions

progress slowly ; thus in one case, in an animal of about sixty-five segments, where

the antiperistalsis was occurring between the fortieth and twenty-first segments, each

wave took about seven seconds to traverse one segment ; contractions took place at

the rate of eight in forty seconds, or twelve per minute ; so that each segment of

intestine often exhibited two distinct contractions, one in its anterior and one in its

posterior part. The constrictions in all cases affect the whole circumference of the gut,

i.e. are ring-like, and not confined to one side of the intestinal wall. The amplitude

of the movements, or the actual amount of narrowing of the lumen, is not very great,

but the force may be sutficient to move the fsecal masses in an anterior direction

through several segments.

Ascending ciliary action is also not constant ; especially it seems to fail at the

coldest season of the year. It occurs, when present, in the posterior portion of the

gut, and may extend for a considerable distance, or be limited to a portion of the tube

immediately in front of the anus. It may be violent, and easily visible with the low

power of the microscope ; it may even take place during a period when the anus is

closed, though, on the other hand, it may suddenly cease on the closure of the anus.

There is no necessary relation between the antiperistalsis and the ascending ciliary

action ; they may both occur at the same time, or either may be present without

the other.

Clitellio arenarius (Miill.).

Reversed ciliary action is usually, but not invariably, to be observed in examples

of this species. It may be absent in specimens in which the anus is closed ; but, on
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the other hand, it may be very obvious even with the low power, starting from the

anus even though the anus be closed at the time. It can be followed through about

the posterior ten segments of the body ; after this point the body of the animal may

become too opaque to allow of the phenomenon being observed further ; it probably,

however, extends to a considerably greater distance up the gut, since in one favourable

instance it was followed up through the last twenty segments.

Antiperistalsis was noted in all the specimens observed. Its extent varies

;

beginning from the anus, it may be confined to a few of the most posterior segments
;

or it may extend for ten, thirteen, fifteen, or eighteen segments.

Branchiura sowerhyi Bedd.

I have recently had the opportunity of examining in the living condition several

specimens of this interesting worm, which I found near Lahore (•'^1).

Antiperistalsis was present in all the specimens observed ; the character of the

contractions, however, varied somewhat. In the first specimen the contractions,

beginning at the anus, were regular, ample, and rapid ; the anus opened momentarily,

then closed, and the wave thereupon commenced, as if the animal were taking a

gulp of water and passing it upwards along the canal. The contractions did not

affect the middle region of the gut; but further forwards they were again visible,

though fitful and of small extent, embracing only a segment or two of the gut here

and there.

In another specimen also, contractions were frequent and ample, the lumen of the

gut in the posterior part of the animal being occluded by the passage of the wave

;

particles were seen ascending the intestine. In one specimen it was noted that the

contractions were better marked in the anterior than in the posterior part of the

intestine.

Reversed ciliary action was not observed ; but it may be allowable here to call

attention to the intake of water by the " gulping " action of the anus. The following

observation was made :—It was noted that the anus opened, and a gulp was taken ; the

anus closed, and the gulp was passed up the intestine by antiperistalsis ; this was

immediately repeated, and so on for a series of such gulps, after which the anus

remained closed, and the posterior part of the intestine was quiescent for a time ; then

more gulps were taken at irregular intervals.

Enchytr^id^.

I have examined in all a fair number of species of Enchytrseids ; the observations

were mostly made at Millport, while I was investigating the littoral Oligochseta of the

locality. All show a great uniformity, and it will not be necessary to describe each

species separately.
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In general, antiperistalsis proceeds continually and fairly regularly, beginning at

or near the hinder end of the animal, and ending near the anterior limit of the intestine.

As will be seen more fully later, this antiperistalsis serves to propel the blood in the

intestinal plexus (or sinus) ; and its anterior limit corresponds in general to the point

where the plexus or sinus passes into the dorsal vessel, which in this family exists only

in the anterior part of the body ; this point varies in its situation within fairly wide

limits in the different genera and species.

Reversed ciliary action is in general not present.

Several observations may be cited, which illustrate the kind of phenomena occurring

in this family, and at the same time show a few variations from the typical order.

Lumbricillus tuba Stephenson (50).

Antiperistalsis may begin from a point very near the posterior end of the animah

or from a point in front of this e.g. about nine segments from the end. In one case

the contractile wave originated from a point corresponding to the septum between

the eleventh and twelfth segments, reckoning from the hinder end ; but in this case

the wave was propagated in both directions : anteriorly in the usual manner, and

posteriorly for a few segments as a direct peristalsis, as far as about the eighth

segment from the hinder end.

The rate was in one case seen to be seven per minute.

Encliytrseus alhidus Henle.

Here, again, the antiperistalsis, where it fails, does so at the hinder end, as is

illustrated in the following two observations out of several :

—

In one example antiperistalsis was absent in the last fourteen segments, was faint

in front of this, and further forwards still was quite well marked. The rate of the

contractions was five in two minutes, but the intervals were very irregular.

In a second specimen antiperistalsis began a short distance in front of the anus

;

the waves passed forwards slowly, traversing the high-power field of the microscope in

twenty seconds, and the contractions were not very ample. Further forwards the

waves increased in rapidity and strength ; they were observed here to pass across the

high-power field in ten seconds.

Fridei^icia bulbosa (Rosa).

This is the only Enchytrseid in which I have observed the reversed ciliary action in

the gut which is so common in the other lower Oligochseta. I saw it in one specimen

only, in the eighth and ninth segments from the hinder end. In front of this point,

and behind it, ciliary motion could be seen, but it was indefinite in direction ; it was

not to be observed at all over the greater part of the alimentary canal.



INTESTINAL RESPIRATION IN ANNELIDS. 743

iEoLOSOMATID^.

jEolosoma viride Stephenson.

When I first described this form (46) I was inclined to think that it might be

possible to unite it with A. Headleiji Bedd. ; further study has, however, convinced

me that differences of colour, of shape of the cerebral ganglion, of the number of

nephridia, and especially of the form of the setae, require that it should be considered

as specifically distinct.

Antiperistaltic movements occur constantly, often at the rate of about forty per

minute. The waves may include the stomach, as well as the whole length of the

intestine
;

or, while some include the stomach, others may cease at its posterior end.

Ascending ciliary action occurs in the intestine, and is often very distinct and
violent in its posterior part.

y^olosoma hemprichi Ehrbg.

In the form which I have tentatively identified as above (47), the antiperistalsis is

commonly, though not always, confined to the dilated portion of the alimentary canal

in about the middle third of the length of the animal, which may be called the stomach.

In one case the antiperistalsis was obvious in the posterior two-thirds of the stomach,

while a direct (antero-posterior) peristalsis occurred in the anterior third ; the two

waves meeting, the antiperistaltic overcame the direct wave, and then continued

forwards to the anterior end of the stomach.

Ascending ciliary action also occurs in the intestine, and may be very distinct and

violent, so as to be easily visible with the low power. Though as a rule confined to the

posterior part of the alimentary canal, it may extend into the stomach ; but often the

ciliary motion in the stomach, though distinct, is indefinite in direction, or it may be

antero-posterior. Small algal bodies may be carried upwards for a short distance along

the alimentary tract, i.e. postero-anteriorly, by means of the ciliary current, and food-

remains may also be swept in the same direction by the same force.

Experiments with carmine particles were made in an animal which was exhibiting

violent ciliary motion. Particles were taken into the intestine through the anus by

ciliary action, and were carried upwards for a short distance. They were then arrested,

and moved alternately a little upwards and a little downwards for some time, and

finally were quickly shot out through the anus. The antiperistaltic movements

of the gut assisted the particles in ascending the intestine ; but none ever seemed

to get up for a distance of more than two or three times the diameter of the

animal's body.

In this species I paid some attention to the motion of the food-matter in the

alimentary canal. The contents of the intestine were often moved round and round in

a rotatory manner about an axis coinciding in direction with the axis of the gut. This

rotatory movement occurred while the cilia were working in the usual postero-anterior

TEANS. ROY. SOC. EDIN., VOL. XLIX. PART III. (NO. 14). 102
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direction, and does not seem easy to account for. It may, however, be suggested that

the postero-anterior stream of water along the intestinal wall, occasioned by the ciliary

movement, must have as its complement an antero-posterior axial stream of water

returning to the exterior at the anus, since it is not to be supposed that the postero-

anterior current passes through the whole length of the animal and out at the mouth

;

and it is possible that the rotation about an axis of the matter in the intestinal canal

may be in some way due to the combined action of these two currents. Harmer (23)

describes a rotatory movement of the faeces in the Polyzoa as being due to the intes-

tinal cilia.

The faeces may pass out at the anus without the ascending ciliary action being

suspended—a demonstration of the axial antero-posterior stream assumed above.

Summary.

The following list includes all the Microdrili which I have hitherto examined with

reference to these phenomena ; the occurrence of antiperistalsis and ascending ciliary

action, or their absence, is noted against each :

—

Antiperistalsis.
Ascending

Ciliary Action.

Naidid^—
Nais communis Piguet, var. punjahensis

Steph Yes. Yes.

Slavina punjahensis Steph. Yes. Yes.

Branchiochilus Iwrteiisis (Stepli.) Yes. Yes.

Prisiiria longiseta Ehrbg. . Yes. Yes.

,, xquiseta 'Qowxne.l . Yes. Yes.

Stylaria lacustris (L.) Yes. Yes.

Aulophorus tonkinensis (Vejd.) . Yes. Yes.

Dero sp. i. Yes. Yes.

„ sp. ii Yes. Yes.

Nais Paraguayensis Mchlsn. Yes. ?

Naidinm sp. . Yes. 1.

Chsitogaster punjahensis Steph. . No. No.

,, orientalis Steph. No. No.

TUBIPICID^

—

Limnodrilus socialis Stej^h. Yes. Yes.

Clitellio are7iarius (Miill.) .... Yes. Yes.

BrancMura sotverbyi Bedd. Yes. No.

Enchytr.eid^—
Numerous species ..... Yes. No.*

^OLOSOMATIDVE

—

jEolosoma viride Steph .... Yes. Yes.

,, hemjnichi Ehrbg. Yes. Yes.

Except in a single specimen of Friderieia bulbosa.
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Exceptions to the General Rule.

On a perusal of the foregoing table it will be seen that a number of the lower

Oligochseta exhibit in general the phenomena of antiperistalsis and ascending ciliary

action in the intestine. All the species observed, except those of the genus Chastogaster,

show antiperistalsis ; all except the Enchytrseidse, Branchiura sowerbyi, and the genus

Chwtogaster, show ascending ciliary action.

Branchiura soiverhyi is one of the few Oligochaeta which possess gills. It is true

that certain Naididse [Dero, Aulophorus, Branchiodrilus) have, in addition to branchial

respiration, an ascending ciliary current in the intestine. Still, it seems not improbable

that in Branchiura sowerbyi the presence of branchial may be correlated with the

absence of intestinal respiration.

With regard to the Enchytrseidse it is to be observed that, though included in the

present investigation for reasons which will appear more fully in the next section, they

are by no means strictly, or even predominantly, of aquatic habit. I have only twice

obtained single immature specimens (probably of a species of Enchytrseus) with a net

when exploring the aquatic vegetation of tanks at Lahore ; but Enchytrseids are to be

found in profusion, for example (at least in Europe), under stones along the seashore,

on both sides of the upper tide limit ; or under stones that have been lying for some

time undisturbed almost anywhere ; or in moist ground. Some are plant parasites
;

others are found in dung-heaps. They cannot live in absolutely dry ground ; but the

immense numbers that exist in the soil may be illustrated by some figures given by

Bretscher (10). This observer found a sample of earth to be entirely devoid of

Enchytrseids on one occasion only; in other cases numbers varying from 4 to 615

were found in about two square decimeters of ground.

The phenomenon of ascending ciliary action can only be of use for respiratory

purposes where the animal lives in water ; and since this is not the case with the

majority of Enchytrseids, and perhaps was not the case with the ancestor of the family,

it is not to be expected that it should occur amongst the existing members of the

group. The ascending peristalsis, as has already been noted, and as will be further

shown in the next section, subserves the circulation ; and hence, though its original

import, according to the view here taken, was probably respiratory or alimentary, it

has been retained, and is found regularly throughout the group.

On the possible Descent of Chsetogaster from Parasitic Ancestors.

The case of Chsetogaster remains to be considered. This is perhaps the most remark-

able genus of the Naididae ; and Vejdovsky (54) separates it as a distinct family.

Later writers have not followed this example ; but whether or not the characters of

the genus are deemed sufficiently distinctive to justify this course, it must be admitted

that the Naididse are its nearest relatives. Now the other genera of the Naididse

appear, so far as yet observed, to show regularly both of the phenomena here under
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discussion ; and it is therefore of interest to speculate as to the reasons for the remark-

able exception in the case of Chsetogaster.

Supposing, as has been done throughout, that the phenomena of antiperistalsis and

ascending ciliary action are respiratory in purpose, their absence in this genus might

be due to the present or past occurrence of conditions of life which do not or did not

permit of this means of respiration—that is, to life in a medium other than water. Two

such possibilities present themselves—a terrestrial, or a parasitic existence. While

there is no reason for thinking that the present-day forms are descended from terrestrial

ancestors, there are, on the other hand, certain facts which seem to point towards a

parasitic habit in the past.

In the first place, one species, C. limnxi, may actually be found as an endoparasite

in the liver of certain Pulmonata, while others of the same species live on the surface

of the same water-snails. Other species of the genus, though not parasitic, may live

as commensals; thus C. bengalensis was usually found by Annandale (1) clinging by

means of a posterior sucker to the external surface of the body or to the edge of the shell

of water-snails {Lwnnseus, Limnophysa, etc.), sometimes entirely withdrawing within

the shell when disturbed ; this species may also, however, be free-living. The same

observer (2) found C spongilla} living in Spongilla carteri, and again on the surface

of a variety of Plumatella 7'epens ; while another species of Chwtogaster also lives on

the same Plumatella.

Secondly, the carnivorous habit is characteristic of many, perhaps of all, members

of the genus. I found (46) in the alimentary canal of C. orientalis, small Crustacea,

rotifers, small nematodes, Paramsecium and other Ciliata. Setse were often found in

the crop, probably belonging to specimens of Nais communis which had been digested.

On one occasion I found several individuals exploring with their mouths the surface of •

a dead and decomposing fly ; on another, I observed for some time the efforts of a

Chsetogaster to engulf in its distensible pharynx a Daphnid, which was, however,

far too large to be thus disposed of. C. bengalensis (Annandale, loc. cit.) devours

small Crustacea ; C. spongillw eats the dead and decaying parts of the sponge in

which it lives ; a third species observed by Annandale feeds on Protozoa
(
Vorticella,

Epistylis, Stentor, etc.) ; Annandale, however (I), mentions having had an English

species sent to him in which the food probably consists of diatoms and the like.

Since the Naididse in general are vegetable feeders, it seems not unlikely that the

carnivorous habit of the genus Chsetogaste?' may be a remnant of a previous parasitic

mode of life.

Under this head, along with the generally carnivorous habit, may be mentioned the

modification of the anterior, or both anterior and posterior (Annandale, 1), extremities

of the body in some species to form suckers ; and the powerful pharynx, much larger,

and attached to the body-wall by much more numerous and regularly radiating

muscular strands, than in other Naididse. In the other Naididse also, the mouth is a

transverse slit on the ventral surface, some distance behind the anterior tip of the body

;
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and a tubular " buccal cavity" intervenes between mouth and pharynx. In Chsetogaster,

the large circular mouth reaches to the anterior end of the body (a prostomium being

practically non-existent), and opens immediately into the barrel-shaped suctorial

pharynx.

Thirdly, the absence of dorsal setse, and reduction of the number of ventral setal

bundles. The dorsal setse, which in the other Naididse are frequently much elongated,

being as long as or sometimes much longer than the diameter of the body, would be

detrimental to the success of an internal parasite by very considerably restricting its

movements. The ventral setse also are absent over a considerable region in the anterior

part of the animal (segments iii.-v.). In C. orientalis the setse of segment ii., which

are longer than the rest, are directed anteriorly, not perpendicularly to the body-wall

;

the ventral setse in this species are "somewhat small compared with the size of the

animal." Such conditions, as more readily allowing of movement within the body of

the host, would be of advantage to an internal parasite.

Fourthly, the incompleteness of the dissepiments. This is illustrated by the fact

that no sperm- or egg-sacs are formed, and that sperm-morulas ripen in the general

body-cavity, passing freely from one part of the body to another, even to the posterior

end of the last animal of a chain (48). This may be paralleled by the absence or in-

complete development of the dissepiments in boring Polychsetes, and by their incomplete

development at the anterior end in earthworms. This character is useful, inasmuch as

it allows the anterior end of the animal to be made firm and resistant by being dis-

tended with coelomic fluid, and it may, in the present instance, be correlated with

previous boring habits of parasitic ancestors.

The commencing disappearance of the vascular system in the anterior part of the

body in (7. crystallinus (Vejdovsky, 54), and the entire absence of external annulation

in the genus, are also perhaps worthy of mention in this connection.

There are thus a number of features, peculiar to Chsetogaster alone among the

genera of the Naididse, which seem to point to the existence of a parasitic mode of life

in the ancestors of living forms, or which at least are consonant with such a supposition.

If we accept this view, it is easy to understand the absence of antiperistalsis and

ascending ciliary action in the intestine in this genus ; these functions, existing origin-

ally in this as in other genera of Naididse, were given up on the assumption of the

parasitic habit ; and consequently are no longer found, though the genus has returned

almost completely to a free-living existence.

It is possible that ChMogaster does not stand alone in having returned to a free life,

and a parallel is perhaps to be ' found among the Nematodes. I quote the views of

Hatschek and Hubrecht, as given by Kauther (39a) :

—
" Es ist fraglich [he is quoting

Hatschek] ob die parasitischen oder die freilebenden Nematoden dem Ausgangspunkt

der Gruppe naher stehen. Man mochte der ersteren Vermuthung den Vorzug geben

und annehmen, dass viele Eigentiimlichkeiten dieser aberranten Thiergruppe durch den

Parasitismus erworben worden sind, doch spricht auch manches fur die zweite Theorie.
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. . . HuBRECHT bemerkt, class ihm ' der Versuch immer als ein verfehlter erschienen

ist, die parasitischen Nematoden sich hervorgegangen zu denken aus den frei im slissen

Wasser, im Meere und in der Erde lebenden.' Letztere batten sich sekundar an die

freie Existenz adaptiert."

Summing up the present section, we may conclude that phenomena which point

to the intestine as a respiratory organ of some importance occur very

commonly among the aquatic Oligochseta ; the genus Chwtogaster forms a

remarkable exception to the general rule—an exception which it is proposed

to explain by assuming the descent of existing forms from endoparasitic

ancestors.

2. The Contractions of the Alimentary Wall in the Aquatic Oligoch^ta

IN relation to those of the Vascular System.

I propose in the present section to consider the relations which exist, in a certain

number of the forms previously mentioned, between the postero-anterior contractions

of the alimentary wall and the postero-anterior contractions of the intestinal vascular

network, or of the dorsal vessel of the circulatory system. For this purpose I shall

take the various forms in the order which seems to me best calculated to bring out

what I consider to be the meaning of the phenomena described.

It will be necessary to mention the chief features of the circulatory system in a

number of these forms; but into the much-discussed questions of the histology of the

walls of the blood-channels, and of the exact situation of these latter in respect of

the several comj)onent layers of the wall of the intestine, I shall not enter.

Vejdovsky (53), in describing the antiperistaltic movements of the intestinal wall

in Enchytrgeids, describes also how these movements propagate themselves forwards,

beyond the point where the dorsal vessel arises from the intestinal sinus, as the postero-

anterior contractions of the dorsal vessel. I have not met with any other observations

of a similar nature.

^OLOSOMATID.^i.

j^olosoma hemiorichi Ehrbg.

Anatomy of Circulato7"y System.—In the form which I have identified as ^olosoma

hemprichi (46) there is no separate dorsal vessel in the region of the intestine, but the

intestinal wall contains a system of vacuole-like lacunae. This lacunar system extends

throughout the stomach also, but in this region a small though distinct dorsal vessel

makes its appearance, the cavity of which is traversed by strands. The vascular

channels are continued forwards dorsally on the oesophagus by a wide, thin-walled vessel

which appears as if made up of a number of apposed vacuole-like chambers, or as a single

elongated chamber traversed by numerous strands or septa. In front of the oesophagus

this becomes a definite blood-vessel with a clear uninterrupted lumen, extending
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forwards as far as the base of the cerebral ganglion, where it bifurcates. The branches

are continued downwards and backwards on the wall of the buccal funnel to unite in

the ventral vessel, which is intimately connected with the alimentary canal for the

greater part of its extent, appearing on the intestine as a median ventral sinus of the

intestinal wall, and at the posterior end of the animal losing itself in the vacuolar

spaces of the gut-wall.

Relation of Contractions of Vascular System to those of the Alimentary Canal.—
The vacuole-like spaces in the intestinal wall are occluded by the passage of the

antiperistaltic waves, which, as they pass along, constrict at the same time the lumen

of the gut. The vascular network, however, may at times be seen to be independently

contractile in a postero-anterior direction ; that is, the diameter of the lumen of the gut

may be quite unaffected, so that it is impossible to speak of an antiperistalsis of the gut-

wall, each contraction, as it passes along, merely occluding the lacunae. In still other

cases the movements might be interpreted either as contractions of the vascular net-

work, or as a feeble antiperistalsis of the gut-wall—since the waves, in addition to

emptying the network as they pass, cause also a slight constriction of the lumen

of the intestine ; and the various grades of the phenomenon seem to shade into

each other.

There is often a definite relation in time between the antiperistalsis of the stomach

and the postero-anterior contractions which pass along the "heart," as the dorsal

vessel^' on the oesophagus may be named ; in the sense that these latter seem to be

a continuation forwards of the former—that the antiperistaltic wave, arrived at the

anterior end of the stomach, occasions the contraction of the "heart," which thus

follows it up and seems to be its extension forwards. But this relation is by no means

constant. Thus

—

(1) The contraction of the " heart" may not follow on every antiperistaltic wave,

but may occur after about every second wave.

(2) Or, after following regularly on the antiperistaltic wave for some time, it may

then tend to anticipate the arrival of the latter.

(3) Or, while still occurring definitely in a postero-anterior direction, the contrac-

tions of the "heart" may be quite independent of the antiperistaltic waves in the

stomach both in time and rhythm. They may be far more numerous, e.g. about five

contractions of the " heart" for every antiperistaltic wave in the stomach wall.

(4) Or again, the direction of the contractile wave through the " heart " may in

some cases be definitely antero-posterior instead of, as usually, the reverse.

In JEolosoma hemprichi, then, a condition exists in which the circulatory system

is in close relation with the alimentary, appearing in far the greater part of its extent

as a component part of the alimentary wall. Even on the oesophagus the dorsal

vessel retains traces of its origin as a specialised channel in a system of vacuole-like

spaces, since it shows us a lumen traversed by strands or incomplete septa.

* Of. Vejdovsky (54, p. 21), " The dorsal vessel appears as a large, strongly pulsating heart."
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Physiologically, also, the contractile activities of the two systems are closely

connected. In the middle and posterior parts of the animal, the contractions of the

two systems are fundamentally the same thing, a somewhat feeble contractile wave

affecting only the vacuole-like spaces of the circulatory system, while a stronger

contraction of the same nature manifests itself as an antiperistaltic wave of the

intestine. And where, in the oesophageal region, the two systems are becoming

anatomically and physiologically differentiated from each other, there is still a want

of definiteness about the result, as evidenced by the difference at various times in the

direction of the " heart's " contractions, and in the relation of these to those of the

muscular wall of the stomach.

Vejdovsky (54, p. 21) describes certain " shining spindle-like bodies, appearing

to consist of single cells," which are shown by him in his pi. i. fig. 5, as oval or

spindle-shaped cells, suspended in the middle of the lumen of the "heart" by fine

strands attached at each end to its dorsal and ventral walls respectively. They are

doubtless the same as the strands or septa traversing the lumen of the "heart" which

I have mentioned above.

It is presumably to these strands that Beddard (3, p. 180) refers when he says:

" In several species there is a row of somewhat fusiform cells in the dorsal vessel, which

have yellowish fat-drops in their interior. I have suggested that these cells probably

represent a rudimentary dorsal organ such as is found in the Enchytrseidse."

Now the dorsal organ, or cardiac body, of the Enchytrseidse is a cellular rod

attached to the ventral side of the dorsal vessel and appearing in a transverse section

as a mass of cells projecting into the lumen of the vessel from its ventral side, and

not attached at all to the dorsal wall of the vessel ; this structure, Beddard considers,

may have originated from a dorsal diverticulum of the gut, comparable to the paired

dorsal diverticulum of Bucliholzia, which has become solid. It does not, however,

seem easy to compare a number of isolated strands, traversing the whole lumen of the

vessel, and attached to its dorsal as well as its ventral wall, Avith a solid cell mass

projecting upwards from the ventral wall and having no attachment to the dorsal

wall of the vessel.

An alternative view has been indicated above. Regarding, with Vejdovsky

(54, p. 115), the vascular network of the intestine as the principal component of

the vascular system of the Oligochaeta ; and recalling the fact that in the iEolosomatidse

and Enchytrseidse the vascular network or sinus is present alone in the intestinal

region, while in other families a dorsal vessel is present in addition, it seems

permissible to regard this vessel, in the families where it occurs, as a differentiation,

a specialised track, of the network. On this view the strands passing across

the lumen of the " heart " of A^olosoma would be conceived as vestiges of the partitions

existing in an original lacunar system ; and the presence of the strands would be an

argument for the primitive character of JEolosoma—not, as on Beddard's view of their

nature, an argument in the contrary sense.
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y^olosoma viride Stephenson.

Anatomy of Circulatory System.—This agrees with what has been stated for

A. hemprichi, with the exception that the dorsal vessel has attained a somewhat higher

degree of differentiation. A definite dorsal channel can sometimes be distinguished

in the alimentary wall as far back as the anterior part of the intestine ; and the dorsal

vessel in the oesophageal region (" heart ") is throughout its length always a definite

tube, with a clear lumen uninterrupted by strands.

Relation of Contractions of Vascular System to those of the Alimentary Canal.—
The relation of the contractions of the system of vascular spaces in the gut-wall to the

antiperistalsis of the alimentary tract is the same as that which obtains in A. hem^prichi.

The dorsal vessel, where it appears as a channel in the alimentary wall, is not

independently contractile apart from the movements which take place in the wall as

a whole. The ventral vessel on the intestine is neither itself contractile, nor is its

diameter at all affected by even well-marked antiperistaltic movements of the intestine
;

it would seem, therefore, though I have no direct observations on the point, that the

vessel must lie outside the muscular layer of the intestinal wall.

The contractions of the " heart " furnish an interesting series of variations, in part

analogous to those described above for A. hemprichi. The most usual condition, here

as there, is that the contractions of the "heart" are postero-anterior in direction, and

form a continuation forwards of the antiperistaltic waves of the stomach, recurring

fairly regularly like these latter at intervals of a second, a second and a half, or two

seconds. In addition, the following variations occur :

—

(1) The contractions of the "heart," though recurring regularly, and at the same

rate as the antiperistaltic contractions of the stomach, may not immediately follow on

the arrival of the waves at the anterior end of the stomach, but may occur in the

intervals between the arrival of two successive waves.

(2) The two rhythms may be partially or completely independent. As an

example of partial independence, it was observed that if the antiperistaltic wave reaches

the anterior end of the stomach shortly before a contraction of the "heart" is due, it

evokes a contraction, and is fchus continued forwards in the typical manner ; if, however,

the antiperistaltic wave reaches the anterior end of the stomach soon after the "heart"

has completed a contraction, no effect is produced, the stimulus being apparently

applied during a " refractory period."

(3) Instead of proceeding in a wave-like manner, the contraction of the "heart" may

be practically simultaneous along its whole length.

(4) The contraction may be initiated not at the posterior end of the " heart," but at

some distance, a third or a half of its length, from its posterior end ; the contraction

then spreads in both directions from this point, forwards along the anterior, backwards

along the posterior part of the " heart."

(5) The contractions of the " heart" may be definitely antero-posterior in direction
;
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and when this occurs, one or several such antero-posterior contractions usually alternate

with one or several in a postero-anterior direction. On one occasion a long series of

antero-posterior contractions was observed during a period when the antiperistaltic

movements of the stomach were in abeyance.

The conditions which exist in this form may be summarised as follows :

—

Anatomically, the degree of differentiation attained by the vascular system is rather

greater than in the case of A. hemprichi, inasmuch as the dorsal vessel has lost the

strands which pass across its lumen, and a definite dorsal channel may also be discover-

able on the anterior part of the intestine. Physiologically, the contractions of the

intestinal vascular network and the antiperistalsis of the gut are essentially the same

phenomenon; and anteriorly where, in the oesophageal region, the " heart " has more fully

differentiated itself from the alimentary wall, its contractions, while they may frequently

be initiated by the antiperistalsis of the alimentary tract behind it, are in the absence

of this relation irregular in rhythm and variable in direction ; it is as if the contractile

tissue of even this part of the circulatory system had not yet become habituated to

independent action.

Enchytr^id^.

In the Enchytrseidae, the main portion of the circulatory system is represented by

a close network of vessels in the intestinal wall, the intestinal plexus or so-called

perienteric sinus. In the posterior part of these worms, there is no dorsal vessel ; but

at or near the anterior end of the intestine the intestinal plexus comes to an end, and

the dorsal vessel arises, continuous at its origin with the anterior end of the plexus.

The dorsal vessel bifurcates anteriorly, the branches being continued downwards and

backwards, and uniting to form the ventral vessel. There are a number of lateral

commissural vessels in the anterior part of the animal which join the dorsal and ventral

vessels. The ventral vessel is continued backwards to the posterior end of the body
;

it does not enter the intestinal plexus, but is a distinct vessel, lying either on the gut

or separated from it by numerous " windows,'' as far as the hinder end. The dorsal

vessel is contractile, the ventral not.

The relations of the alimentary and vascular contractions in the Enchytrseidse may

be illustrated by observations on a worm belonging to this family, which I examined in

Lahore some time ago. Enchytrseids are not common in India, and this specimen not

being sexually mature it was impossible to identify it ; it probably, however, belonged

to the genus EnchytrsBUS.

The dorsal vessel arose from the gut plexus in the twelfth segment, and could be

followed, attached to the wall of the alimentary canal, as far forwards as segment iv. The

antiperistaltic contractions of the intestine, which are here and throughout the Encliy-

trseidse the means by which the blood is moved along the channels in the intestinal wall,

were sluggish and of small amplitude ; on arriving at segment xii. the contractions of

the gut were after a momentary halt taken up by the dorsal vessel ; the contraction of
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the dorsal vessel then proceeded rapidly forward,—much more rapidly than the gut con-

traction, which originated it, had travelled along the intestine. The frequency of the two

waves was, of course, the same, the one following on the other in quite regular sequence.

The difference in character of the two waves, or rather of the two portions of the

same wave, was striking ; the one sluggish, a general antiperistalsis of the whole gut
;

the other rapid, confined to the dorsal vessel. Equally striking was their interconnec-

tion or mutual dependence, the antiperistalsis being regularly continued forwards by

the postero-anterior contraction of the dorsal vessel.

Of specimens subsequently observed at Millport, most merely repeated in essentials

the phenomena just described. A few variations may be recounted.

In Liimhricilhis tuba (50) the contraction of the dorsal vessel is usually, as in other

forms, a simple and direct continuation of the antiperistalsis of the intestine ; there is

no break of continuity, and the alimentary and vascular contractions may be looked on

as two parts of the same phenomenon. In one specimen, however, where the dorsal

vessel began in segment xiii., the antiperistaltic wave sometimes stopped short at

segment xv., so that segment xiv. formed a break between the two, and the contraction

of the dorsal vessel was not then directly continuous with the antiperistaltic contractions

of the gut. In another case the correspondence between the arrival of the antiperi-

staltic wave and the beginning of the contraction of the dorsal vessel was not absolute

;

a vascular contraction might be intercalated between the arrivals of two successive

antiperistaltic waves ; or the beginning of the contracticm of the dorsal vessel might

slightly anticipate the arrival of the antiperistaltic contraction. The most interesting

specimen, however, was one in which the antiperistaltic waves and the contractions of

the dorsal vessel were both regular, but the rhythm of the two was not quite the same
;

the contractions of the dorsal vessel were a little more frequent, and thus for a short

time now and then the vascular would seem to be a continuation of the alimentary

contraction ; but a longer observation shows that they were really independent.

In the foregoing species the want of unity between alimentary and vascular con-

tractions is only occasional ; in Enchytrxus alhidus it seems to be more fundamental.

In two examples of this species the contraction of the dorsal vessel was independent of

the arrival of the antiperistaltic wave ; the dorsal vessel pulsated several times for each

antiperistaltic wave which reached the anterior end of the intestine. In another

specimen the dorsal vessel originated in segment xvi. ; the antiperistalsis stopped

abruptly at xvii., and there was an interval of a segment which showed no pulsation of

any kind ; the contractions of the dorsal vessel were often quite independent of the

arrival of the wave behind it ; the rate of the antiperistaltic contractions was only five

in two minutes, and the rhythm was irregular, while the dorsal vessel, on the contrary,

was contracting regularly four times per minute. The absence of any kind of con

traction in the space of a segment between the point where antiperistalsis ended and

where the dorsal vessel began was noticed in another case also.

Summing up the condition in the Enchytrgeidae, we may say that both anatomically
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cind physiologically tbe state of things is much as in ^lEolosoma. The circulatory

system is anatomically on a somewhat higher level, since it possesses a series of lateral

commissural vessels in the anterior part of the body ; it however maintains its close

relation with the alimentary system, appearing in a large portion of its extent as a part

of the alimentary wall ; the dorsal vessel is a forward continuation of the gut-plexus.

Physiologically, the blood is moved, in the region of the intestine, by postero-anterior

contractions of the alimentary wall ; and anterior to this these contractions are con-

tinued forwards as the postero-anterior contractions of the dorsal vessel. Though in

most cases the physiological unity of the contractions of the alimentary wall and of the

anatomically independent dorsal vessel is unmistakable, there is in one observed case

{Lumbricillus tuba) an occasional, and in another {Encliytraeus alhidus) apparently a

more fundamental dissociation of the two.

Naidid^.

The Genus Chsetogaster.

ChsBtogaster orientalis Stephenson.

Anatomy of Circulatory System.—In describing the gut-plexus, it is convenient

first to distinguish the various parts of the alimentary canal. Behind a massive pharynx

comes the narrow oesophagus, and to this succeed two considerable dilatations, which

may be distinguished (46) as "crop " and "stomach" ; behind the stomach the tube is

continued as the intestine.

In the wall of the crop there is on each side a series of transverse parallel vessels,

arising above from the dorsal vessel, and joining below a sinus-like channel in the mid-

ventral line. These parallel vessels appear in an optical section of the wall as clear

vacuole-like spaces ; they are separated from each other by intervals which are equal

in breadth to the diameter of the vessels themselves, and are connected with their

neighbours on each side by fairly frequent and distinct cross channels. Similar parallel

vessels occur on the stomach, connected with each other here also by cross branches

;

on the whole, however, the vessels are less regularly arranged and are fewer than on

the crop. This condition is paralleled by the optical section of the stomach wall, the

vacuole-like spaces being here, as compared with the crop, somewhat less conspicuous,

less regular, and further apart from each other. On the intestine the vacuoles represent-

ing the vessels of the wall are still fewer than on the stomach.

The mid-ventral channel in the wall of the crop has already been mentioned,

interiorly it loses itself in the network of the crop-vessels, without being connected

with the ventral blood-vessel. Posteriorly it is continued on to the stomach as a broad

channel, traceable backwards on to the intestine ; but here, though definitely present,

it is much less obvious.

The dorsal vessel, contractile as far forwards as the cerebral ganglion, is closely con-
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nected with the alimentary wall as far as the oesophagus ; it is again attached to the

dorsal surface of the posterior part of the pharynx, becoming free once more before it

divides. It is continued as two lateral vessels, one on each side of the buccal cavity,

which unite ventrally in the ventral vessel.

A pair of contractile lateral commissural vessels are present in the oesophageal region.

The ventral vessel is separated from the alimentary canal, with which, however, it

is connected by a number of wide communications ; these in the intestinal region, and

presumably in the other regions also, pass from it to the mid-ventral sinus of the

alimentary wall.

It will be remembered that in CJiMogaster orientalis and C. punjabensis the

alimentary canal exhibits no antiperistaltic movements, and there is accordingly no

question here of any relation between this phenomenon and the vascular contractility.

I have nevertheless described the anatomy of the circulatory apparatus in the same way

as has been done for previous forms, because the anatomical condition seems to form a

link in a natural series.

There is, again, a well-marked gut-plexus, specialised here anteriorly into a regular

series of lateral channels ; but a dorsal vessel is here distinct throughout the length of

the anim^al ; a separate ventral vessel is present, independent of the gut-wall ; and, in

addition, there is a pair of contractile lateral commissures. The blood, as in the

iEolosomatidae and many Enchytrseids, is colourless.

The subsequent argument may here be so far anticipated as to say that I propose

to consider the vascular system in the Chgetopoda as a specialisation of and a develop-

ment from a primitive lacunar network or plexus in the gut-wall ; and the contractility

of the vascular system, which throughout the group is manifested pre-eminently in a

postero-anterior peristalsis of the dorsal vessel, as a derivative of the contractility of the

alimentary canal ; which latter is also, in the aquatic and presumably more primitive

forms, in the greater portion of its extent a postero-anterior peristalsis.

I have previously given reasons for supposing that the genus Chsetogaster originally

possessed a postero-anterior peristalsis of the gut, like its congeners ; and that this

disappeared during an endoparasitic stage in the history of the ancestors of present-day

forms. I have here to remark, that though the general antiperistalsis of the gut-wall

may be supposed to have disappeared during the parasitic stage, as being useless for

respiratory purposes, it would nevertheless be perpetuated as far as regarded that

longitudinal strip of the alimentary tube which contained the now differentiated dorsal

vessel, in order to subserve its second function, the circulation of the blood ; and hence

we now have what is, in these aquatic forms, the anomaly of a contractile dorsal vessel

with a quiescent gut-wall.

Other NaididsB.

The Naididse in general show a very interesting transition stage in the relations of

the contractions of the vascular system to those of the alimentary canal. In the families
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previously discussed (^olosomatidse and Enchytrseidse) there is no differentiated dorsal

vessel on the intestine ; the wliole of the intestinal plexus is contractile,—in this sense,

that the blood spaces, being contained within the muscular coats of the alimentary

canal, are emptied in a forward direction by the recurring antiperistaltic contractions

of the alimentary wall. In the Naididse a dorsal vessel is diff"erentiated in the intestinal

region ; still however in close connection with the alimentary canal, indeed forming

part of the alimentary wall, it is physiologically as well as anatomically one with the

latter. The antiperistaltic contractions still persist, and move the blood in the dorsal

vessel, as well as in the intestinal network ; but the dorsal vessel shows nevertheless

signs of a partial independence ; contraction is frequently more marked, and more

regular, along this dorsal strip of the canal than elsewhere. The actual phenomena

vary from species to species ; and a number of examples will illustrate the progressive

diff"erentiation or emancipation, anatomically and physiologically, of the vascular from

the alimentary system.

The Genus Dero.

In the genus Dei^o the homologue of the dorsal vessel is situated on the ventral

wall of the alimentary canal for the greater part of its length, and is closely united

with the alimentary wall till within a short distance of the anterior end of the animal.

A network of vessels exists in the intestinal wall, with, in one species examined by me,

a longitudinal vascular channel in the median dorsal line (the true dorsal vessel, as said

above, is situated ventrally). The ventral vessel is non-contractile, and separate from

the intestine except posteriorly, where it becomes joined to the alimentary wall ; it

gives segmental branches to the intestine. There are a number of contractile lateral

commissural vessels in the anterior part of the body.

Relation of Contractions of Vascular System to those of the Alimentary Canal.—
Though the postero-anterior contraction of the dorsal vessel is usually merely a part

of the antiperistaltic contraction of the intestine, the following observations may be

cited as showing a commencing independence :

—

(1 ) A strong and regular antiperistalsis was observed, with a rhythm of twenty-seven

per minute, in the posterior part of one of these animals. Further forward, the intestinal

walls took little part in the contractions, which thus here mainly aff"ected the dorsal

vessel. In the anterior component of this chain of two the participation of the intestinal

wall became less and less, and ceased altogether at segment xiii. from the anterior end

of the animal, the only motion visible in front of this being that of the dorsal vessel.

(2) In another specimen the dorsal vessel was contracting regularly at the rate of

twenty-eight per minute ; the walls of the intestine, though shaken by the passage of

the successive waves, took no part in the contractions. Further forwards the contractile

wave included the intestine also; the antiperistalsis was sufficiently violent to cause

food matters in the intestine to be shot upwards for some distance on the passage

of each wave.
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Aulophorus tonhinensis (Vejd.).

The vascular system has been briefly described by me in a previous paper (49) ; it

closely resembles that of Dero.

The antiperistaltic contractions of the alimentary canal were, in the posterior

portion of one specimen examined, mainly confined to the portion of the wall containing

the dorsal vessel ; the opposite side of the intestine moved but little, i.e. the pheno-

menon manifested itself in this region principally as a postero-anterior contraction

of the dorsal vessel. In the middle of the body, however, in segments xiii., xii., and xi.,

the whole circumference of the alimentary canal manifested a series of very violent

antiperistaltic contractions. Later, it was observed that the slowly moving antiperi-

staltic pulsation, which embraced the whole intestinal wall, became transformed in

segment xi. into an extremely rapid wave, which, affecting the dorsal vessel only, shot

forwards through the rest of the field of the microscope almost instantaneously.

Thus in Aulophorus tonhinensis the same series of contractions may manifest itself

at one place as an antiperistalsis of the whole gut, and at another place mainly as a

contraction of the dorsal vessel. It may be remarked that the latter part of the

observation detailed above is strongly reminiscent of the condition in the Enchytrseidse.

Slavina punjabensis Stephenson.

I have no detailed observations concerning the anatomy of the vascular system in

this form. The opacity of the specimens, due to the adherent foreign particles, renders

an examination of the details difticult or impossible. The dorsal vessel appears as a

part of the wall of the intestine ; and the ventral vessel is separated from the

intestine, as in other Naididae.

Relation of Contractions of Vascular System to those of the Alimentary Canal.—
As in Dero and Aulophorus, the dorsal vessel in this form is never, so far as I have seen,

independently contractile, apart from the rhythm of the gut contractions. The follow-

ing observations will illustrate the nature of the relations between the two :

—

(1) In a specimen which was preparing to divide, with eyes already forming in its

posterior half, an ordinary typical antiperistalsis at the rate of twenty-five per minute

was observed in the hinder part of the anterior animal of the chain ; the dorsal vessel,

as forming part of the intestinal wall, shared in the constrictions, and was emptied in

a forward direction simultaneously with the passage of the waves. Further back, in

the middle of the posterior animal, the phenomenon manifested itself mainly as a strong

and swift contraction of the dorsal vessel ; the ventral side of the intestine, however,

was slightly indented as each contraction passed along. Further back still, near the

hinder end of the posterior animal, the intestine took no share in the movement ; the

ventral wall showed no indentation on the passage of the contractile wave, which was

confined to the dorsal vessel. We have, then, in such a case as this, a single contractile
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rhythm affecting either one only, or both, of two associated structures, viz. dorsal

vessel and intestine.

(2) At the hinder end of a chain of two animals a regular and strong antiperistaltic

action, accompanied by a violent ascending ciliary motion, began at the anus ; further

forwards the contraction was mainly of the dorsal vessel, the opposite side of the

intestine moving but little ; and in the pharyngeal region of the posterior animal the

contraction was solely of the dorsal vessel. Immediately consequent on the arrival of

the wave at the anterior end of the hinder zooid, a contraction was initiated at the

hinder end of the anterior zooid, but this now manifested itself as a typical antiperi-

stalsis of the whole gut. I could not trace the continuity of the dorsal vessel through

the region of approaching fission, and could not therefore see the actual continuity

of each wave ; but the time-relation described above was obvious and was observed

for some time.

Nais communis Piguet, var. punjahensis.

Anatom^y of Circulatory System,.—There is a gut-plexus; and in the mid-ventral

line of the intestine there is a median channel which is occluded as the antiperistaltic

waves of the intestine pass along ; the current in it must therefore be postero-anterior,

as in the dorsal vessel.

The dorsal vessel, covered by chloragogen cells, appears as a part of the alimentary

wall as far forwards as the oesophagus. It divides in the prostomium into two branches,

which reunite ventrally to form the ventral vessel at the level of the setal bundles of

the third segment. Four or five lateral vascular commissures are present in the

pharyngeal region.

The ventral vessel is separate from the intestine except at the posterior end of the

animaL There is a series of communicating vessels, of some width, though short, which

pass, one in each segment, from the ventral vessel to the mid-ventral channel in the

intestinal wall. Posteriorly the ventral vessel unites with this ventral channel a few

segments in front of the anus, and ultimately is continued round the end of the

intestine by a branch on each side ; these meeting above form the origin of the

dorsal vessel. The blood is red.

Relation of Contractions of Vascular System to those of the Alimentary Canal.—
The dorsal vessel, where it is included in the intestinal wall, is affected by the

antiperistaltic contractions of the latter, which cause a progressive postero-anterior

constriction of the vessel as they pass along ; the intestinal antiperistalsis and the

vascular contractions are thus, in many cases at least, inseparable components of the

same contractile wave. Certain variations, however, are sometimes observed :

—

(I) Of a fairly regular series of contractions which are taking place in an animal

under observation, some may affect the dorsal vessel only, others the lumen of the gut

also. Or, during a period when antiperistalsis is temporarily in abeyance, the con-

tractions of the dorsal vessel may proceed fairly regularly, perhaps at the rate of about
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nine per minute ; but at intervals an antiperistaltic wave may come along, obliterating

the dorsal vessel in its progress, and thus combining the two series of phenomena in

itself. The antiperistalsis appears to be the same thing as, although in a more violent

form than, the contraction of the dorsal vessel.

(2) An antiperistaltic wave, beginning at the posterior end of the body as a con-

striction of the lumen of the intestine, may as it passes forwards become merely a

contraction of the dorsal vessel ; so that anteriorly, while the dorsal vessel is quite

occluded by the passage of the wave, there is no, or onl}^ the very slightest, constriction

of the lumen of the gut. Not only so ; but we may have a contraction which, as it

enters the microscopic field, has the characters of an antiperistaltic wave ; the wave

will cease to affect the lumen of the gut, and the ventral wall of the gut will not move,

—in other words, the wave passes across the centre of the field as a contraction of the

dorsal vessel ; finally, the whole gut will again be constricted by the wave, i.e. the

definitely antiperistaltic character of the phenomenon will be manifested by the

participation of the ventral wall of the intestine in the constriction, and the wave will

disappear from the microscopic field as an antiperistalsis once more. That is to say,

that even in the same high-power field one and the same wave may be an antiperistalsis

of the gut, a simple contraction of the dorsal vessel, and an antiperistalsis again.

The above series of observations, though representing variations from what may be

regarded as the simpler and more typical condition, merely serve to emphasise the fact

that the two series of occurrences are essentially manifestations of the same phenomenon.

Other observations, however, illustrate a commencing tendency to dissociation of the

two series, and show that the contractility of the dorsal vessel is becoming, in a slight

degree, independent of the rhythm of the contractions of the alimentary wall.

(3) In certain cases, though antiperistaltic movements are going on, they do not

seem greatly to affect the lumen of the dorsal vessel. The proper contractions of the

dorsal vessel are less frequent than the antiperistalsis ; in one case they coincided for a

short time now and then with every second antiperistaltic wave, and in the intervals

had a rhythm entirely their own. The impression here given was that of an essentially

double series of events sometimes coinciding ; not, as in previous cases, of an essentially

single series sometimes differentiating into two.

(4) In one case the rhythm of both was the same in the posterior part of the

animal, while anteriorly in the neighbourhood of the stomach the two series were

independent.

In the four genera which have just been considered, the vascular system shows a

greater degree of anatomical differentiation than in those previously discussed. The gut-

plexus is a less marked feature ; the general plan of the circulation, with distinct dorsal

and ventral vessels, is as in Chsetogaster, but the contractile lateral commissural vessels

are more numerous. The blood is red.

Physiologically, the contractility of the dorsal vessel is closely related to that of
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the gut-wall of which it forms part ; but anteriorly the continuation of the dorsal

vessel, and also the lateral loops, manifest contractility, though not in anatomical

association with the alimentary tube ; and occasionally in Nais the dorsal vessel assumes

an independent contractility even in the region of the intestine.

Branchiodrilus horteiisis (Stephenson).

In this species (48, 51a) the dorsal and ventral vessels have much the same char-

acters as in Nais. Besides branching vessels to the body-wall, there are present in

each segment a pair of lateral loops, which in the anterior part of the body extend into

the gills, the limbs of the loop forming the afferent and efferent vessels of these organs.

The afferent vessel, springing from the dorsal vessel, is in this part of the body con-

tractile ; further back, where the branchial processes are small, the lateral loops do not

extend into them, and no part of the loops is contractile ; the lateral loops exist, how-

ever, though much reduced in size, as far back as the hinder end of the animal. In

the first five segments the lateral vessels do not present the appearance of regular

loops, but form an extremely irregular and complicated plexus. The blood is

yellowish-red.

Relation of Contractions of Dorsal Vessel to those of the Alimentary Canal.—The

contractions of the dorsal vessel are in this form independent of those of the intestine

to a much greater degree than in any of the forms previously considered.

The dorsal vessel may contract regularly without any accompanying diminution of

the lumen of the alimentary canal ; conversely, intestinal antiperistalsis may proceed

without occluding the lumen of the dorsal vessel.

The two series are, as a rule, independent in rhythm ; thus the dorsal vessel may

be contracting thirty-two times, and the intestinal walls only seven times per minute

;

or the dorsal vessel may contract thirty-six, and the intestine only eighteen times per

minute. And here, though the rate of one was just double that of the other, the two

never coincided ; the character of the contractions also was different in the two series,

the wave of contraction of the dorsal vessel passing along much more swiftly than that

of the alimentary canal ; the antiperistaltic wave recurred at regular intervals, the

contractions of the dorsal vessel rather irregularly.

The two series may also be independent as regards the violence of their contractions.

The dorsal vessel may contract actively while antiperistalsis is going on but feebly.

Antiperistalsis may be quite absent in the anterior part of a specimen, while the

vascular contractions in the same region are proceeding vigorously. An indication of

some slight connection between the two series was however afforded by a specimen in

which the vascular contraction often seemed to precede by about half a second the

antiperistaltic wave of the intestine.

Anatomically, the vascular system here differs from that of the other Naididse in

the presence of lateral loops throughout the body, and in their extension, in the
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anterior part of the body, into the gill-processes. The system may be said to have

reached a higher stage of development, and a greater degree of independence of the

alimentary canal, than in the preceding forms.

Physiologically, the advance shown by the present form over those immediately

preceding, though it belongs like them to the Naididse, is greater than that between

any other two successive forms in the series here presented. Whereas hitherto the

main feature has been the interconnection of the two series of contractions, here, on the

other hand, their independence is strongly marked. In the preceding forms the gut

contractions appeared to be the primary phenomenon, of which the vascular contractions

were frequently merely a part ; here, however, the vascular contractions are the more

numerous, and begin to take the lead.

TUBIFICID^.

Clitello arenarius (Miill.).

The circulatory system of this species has not hitherto been investigated in detail

;

it is probably, however, not very different in essentials from that of such a Tubificid

as Limnodrilus {vide post). According to my observations the ventral vessel is con-

tinuous throughout the body ; the supraintestinal vessel extends from segment vi.

anteriorly to xii. posteriorly. The hearts are two pairs, in segments viii. and ix., and

arise from the supraintestinal above, joining the ventral vessel below. The lateral

commissures, segmentally arranged, exhibit in the posterior part of the body

complicated windings, and penetrate the muscular coats of the body-wall so as to lie, in

part of their extent, underneath the epithelium ; but they are single continuous

vessels and do not anastomose. In front of the middle region of the body they

become progressively smaller and ultimately indistinguishable (at segment xxii. in

an animal of 94 segments) ; in the anterior five segments of the body they again form

a series of complicated loops.

Relation of Contractions of Dorscd Vessel to those of the Alimentary Canal.—Anti-

peristalsis, as previously stated, is always to be observed in this species, and its relation

to the contraction of the dorsal vessel is interesting and suggestive. The latter may

be illustrated by the recital of a number of observations.

Thus in one case antiperistaltic contractions began in the segment in front of the

anus
;
passing forwards, each became, in the sixth segment above the anus, a contrac-

tion of the dorsal vessel only. In another case also, each contraction was a typical

antiperistalsis of the gut at the posterior end of the animal ; the waves gradually

changed their character while passing forwards, and at the thirteenth segment from the

hinder end each became merely a contraction of the dorsal vessel ; no antiperistalsis

was seen higher up the alimentary canal, either along with or independent of the

vascular contractions. In still other cases the same kind of phenomenon was observed,

the contraction being an antiperistalsis of the gut throughout the hinder segments of
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the body, and a postero-anterior contraction of the dorsal vessel in front of this. In

one case the contractile wave was throughout mainly a vascular contraction, i.e. affected

principally the dorsal vessel ; though in about the hindmost ten segments of the body

the lumen of the gut appeared to be slightly diminished in calibre as the wave passed

along, i.e. the wave was to a slight extent also an antiperistalsis of the gut.

At the risk of insisting on the obvious, I should like to point out how the observa-

tions on this species illustrate the essential unity of the vascular and alimentary con-

tractions—how, as has been said before, they are fundamentally the same thing.

Limnodrilus socialis Stephenson.

I have previously (51) given a detailed account of the anatomy of the circulatory

system in this species. The chief points are as follows :

—

The dorsal vessel, ventral in position, as in Dero, for the greater part of its course,

is situated in close contact with the intestinal wall, and is surrounded by chloragogen

cells as far forwards as segment ix. ; it then separates from the alimentary tube and

becomes free in the body-cavity ; it is contractile throughout its length. A supra-

intestinal vessel is also present, as in many Tubificidse ; it is covered by chloragogen

cells, and extends forwards as far as segment v., backwards to septum 8/9, where it

enters a sinus-like space on the dorsal side of the intestine in the anterior part of

segment ix. A large channel on the right side of the intestine, also covered by chlora-

gogen cells, communicates anteriorly with the sinus in ix., and dies away posteriorly at

about segment xxi. The intestinal plexus extends throughout the length of the

intestine, and reaches as far forwards as iv. ; the two last-mentioned vessels (but not

the dorsal vessel) appear in sections as special channels of this network.

The hearts are a single pair in segment viii, ; their pulsations have no definite tinie-

relation to the contractions of the dorsal vessel from which they originate above ; there

is also a pair of long contractile loops to the genital organs. There are lateral commis-

sural loops throughout the body, and these in the posterior part of the body give origin

to branches which go to form the cutaneous plexus ; these branches divide and anasto-

mose freely, penetrating the muscular coats and coming to lie between the cells of the

surface epithelium.

The ventral vessel in the anterior part of the body narrows rapidly behind segment

vii. ; it may apparently either die away on the intestine, or be continued as a narrow

channel to join the ventral point of union of the two hearts. The junction of the

hearts may be looked on as the origin of the main ventral vessel, which extends from

this point to the posterior end of the animal ; it is less intimately united to the intestine

than is the dorsal vessel, and is not covered by chloragogen cells.

Relation of Conti-actions of Dorsal Vessel to those of the Alimentary Canal.—The

antiperistaltic movements observed in this species were always quite unconnected with

the contractions of the dorsal vessel. The latter were much more frequent, and also
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much more rapid in their rate of progress. The passage of the wave in the dorsal

vessel had no effect on the intestine, nor did the antiperistalsis of the intestine in any

way affect the lumen or the contractions of the dorsal vessel. Further, antiperistaltic

movements are frequently altogether absent, while the vascular contractions are always

to be observed.

Branchiura sowerhyi Bedd.

The circulatory system in this species has been described by Beddard (3a), and

also by me (51). The following are the chief points in its anatomy :

—

The dorsal vessel is here also ventrally or ventrolaterally situated in the greater

part of its course ; it does not lie immediately on the intestinal wall, but has neverthe-

less a closer relation to the gut and to the chloragogen cells than has the ventral vessel.

The supraintestinal vessel reaches the sixth segment anteriorly, and posteriorly ends

at a point not far behind segment xii. ; it is throughout in close relation to the gut and

its chloragogen cells. There is a rich intestinal plexus in the gut-wall, which in seg-

ments x.-xiii. becomes almost a sinus ; besides having connections with dorsal and

ventral vessels, the plexus is joined to the supraintestinal by a series of wide

communications.

The hearts are two pairs, in ix. and x. ; the first pair originate above from the supra-

intestinal, and unite below to form the ventral vessel ; the second pair arise above from

the dorsal vessel, and enter the ventral vessel below. In segments ii.-viii. there is a

series of non-contractile lateral loops, which give branches to the body-wall ; the loops

in viii. originate above from the supraintestinal, in the other segments from the dorsal

vessel. Behind the hearts, and in front of the gills, the lateral loops are two pairs per

segment ; in the gill region the distribution is complicated. The parietal vessels, which

originate from the loops, form a plexus in the body-wall ; but no capillaries enter into

the surface epithelium.

The ventral vessel of the anterior part of the body disappears on the ventral sur-

face of the alimentary canal about segment ix. (cf. Lininodrilus) ; the main ventral

vessel of the body is formed anteriorly by the union of the hearts, and is continued

back to the posterior end of the animal.

Relation of Contractions of Dorsal Vessel to those of the Alimentary Canal.—The

two series are independent. My observations may be summed up by saying that the

dorsal vessel contracts regularly, rapidly, and frequently ; the antiperistaltic waves

sometimes intermit for a period, when present progress only slowly, and are much less

frequent than the contractions of the dorsal vessel.

In considering the Naididse (exclusive of the genus Chaetogaster), an advance in

the degree of differentiation of the vascular system, as compared with the ^^olosomatidse

and Enchytrseidse, could be followed through such a form as Nais to Branchiodrilus,

the end term of the series. This advance is manifested in a greater degree of
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independence of the alimentary canal ; the intestinal network becomes a less prominent

portion of the whole system, and lateral loops, parietal vessels, and branchial

vessels are developed. The physiological independence of the two systems also

increases hand in hand with the anatomical ; in the lower stages there is one

series of postero-anterior contractions common to the two systems, while in the

higher a separate series of vascular contractions is becoming differentiated from the

alimentary series.

The Tubificidae present us with further stages in this differentiation of the two

systems. The anatomical summaries given under the headings of the three species

here described show two things : first, that the degree of complexity attained by

the vascular system is considerably greater than in such a typical Naid as Nais
;

secondly, that Clitellio, in having a continuous ventral vessel throughout the body,

in possessing lateral loops which do not branch, and in being without either a cutaneous

plexus or a system of branchial vessels, is at a lower level than the other species. The

physiological observations correspond ; they show that in Clitellio a very distinct

connection between alimentary and vascular contractions is still to be observed—the

degree of independence of the two being, in fact, less than in the Naid Branchiodrilus
;

but they show also that in the species with a still more developed vascular system, the

alimentary and vascular contractions are now at length entirely independent of each

other. The common contractility of the intestinal wall and included vascular elements

has become differentiated into two parts—that of the alimentary wall, and that of the

dorsal vessel. The character of the contractility possessed by these two structures

is not the same : that of the dorsal vessel is the more marked, being more energetic,

more frequent, and more rapid ; while the contractility of the intestine seems to

be losing in importance, since it is frequently absent, and when present, is more

limited in extent than in the iEolosomatidae, Enchytraeidae, and Naididse.

Higher Oligochxta.

A full description of the vascular system in the earthworms need not be given

;

as is well known, and as may be illustrated by the description given by Fuchs (19)

for Lumbricus, a still higher degree of development has been attained, and a still

higher degree of independence of the alimentary canal. A reminiscence of an earlier

anatomical condition is however still retained, in the close connection of the dorsal

vessel with the ijitestinal wall; thus Fuchs : "Das Gefass (Vas dorsale) verliiuft

mediodorsalwarts liber dem Darm, diesem eng angeschmiegt, mit iVusnahme der

Pericordalregion. . . . Sowohl das Vas dorsale auf ganzer Lange besonders seitlich

als diese Dorsointestinalia sind mit Chloragogen bedeckt."

The species which is studied as a type of Oligochseta in the colleges of Northern

India, and also at Calcutta, is Pheretima postJiuma ; and this being the form with

which I am most familiar, it will be convenient here to describe shortly the vessels
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in close connection with the alimentary tract, since these illustrate the increasing

differentiation of the vascular system, and will be again referred to in the next section.

I omit the ventral vessel, which is quite separate from the intestine, the parietal

and subneural vessels, the hearts, the anterior loops, and the nephridial plexuses.

In Pheretima posthuma the dorsal vessel lies on the intestine, attached loosely to

it in each segment by two pairs of vessels to the intestinal v/all ; these vessels join with

corresponding branches from the supraintestinal and then pass transversely outwards

on the intestine. The dorsal vessel is not covered by chloragogen cells ; it becomes

quite free anteriorly about segment x., and runs forwards at some distance above the

alimentary canal, piercing the septa in succession, giving branches to the body-wall, and

ending in front by disappearing into the wall of the pharynx at the level of the

cerebral ganglion.

The supraintestinal vessel is distinguishable anteriorly about segment x. as a mid-

dorsal channel in the alimentary wall ; it extends back along the oesophagus and

intestine beneath the dorsal vessel, communicating with the hearts in segments xii.

and xiii., and with the alimentary plexus throughout its extent.

A subintestinal channel can be distinguished in the mid-ventral line on the anterior

part of the intestine ; it ends in front by dividing into a pair of ventro-lateral vessels

in segment xiv., and posteriorly becomes indistinguishable behind the level of the

intestinal caeca (segment xxvi.) ; it is a portion of the intestinal plexus, and hardly

deserves a separate name.

The intestinal plexus consists of (1) transverse vessels, two pairs per segment, each

formed by the union of a branch from the dorsal with one from the supraintestinal

vessel; (2) close-set longitudinal channels, given off from the above transverse vessels,

connecting successive transverse vessels with each other, and forming the main portion

of the plexus
; (3) oblique vessels, which, beginning near the mid-ventral line, incline

forwards and dorsalwards, and pass through about three segments before reaching the

mid-dorsal line, where they join the supraintestinal
; (4) on the intestinal caeca are

a number of longitudinal channels, meeting at the tip of the cseca, and connected in

their course by numerous transverse vessels
; (5) along the lateral aspects of the anterior

portion of the intestine, from segments xiv.-xxvi., are a pair of well-marked vessels,

which, beginning ventrally in the alimentary plexus, incline gradually dorsalwards as

they proceed backwards, and join the dorsal vessel at the level of the anterior margin

of the intestinal caeca
; (6) in segments xi.-xiv. (and therefore in front of the intestine)

there are in the oesophageal wall a series of very definite and striking transverse vessels,

about twelve pairs per segment, joining the supraintestinal above ; the breadth of the

vessels is at least equal to the intervals between them.

The postero-anterior contractility of the alimentary canal, which is so marked a

phenomenon in the lower forms, begins to disappear, as has been shown, in the

Tubificidae
; it has not, so far as I know, been described at all in the Megadrili. It has

not, in them, been retained in connection with the intake of fluid by the anus, since
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these animals do not live in a fluid medium ; and it has not been retained for circulatory

purposes, since a special propulsive mechanism, the dorsal vessel, has been diflferentiated.

We thus reach the end term of our present series. The anatomical development

and differentiation of the vascular system have attained their maximum ; and a com-

pletely separate dorsal vessel has taken over the function of propelling the blood, which

in earlier stages was effected by the antiperistaltic contractions of the alimentary wall.

3. The Evolution of the Vascular System in the Annelida,

The short summaries which have been appended to the accounts of the several

families treated of in the foregoing section have already made evident the

general idea which the recital of the series is intended to convey ; that is, that in the

lower Oligochseta the vascular system is, in its simplest form, intimately connected

with the alimentary tube, largely as a series of vacuole-like intercommunicating spaces

in the intestinal wall, in which spaces the movement of the contained fluid is determined

by the antiperistaltic contractions of the wall of the tube ; that in the higher stages of

its development it comes to show, anatomically and physiologically, a large degree of

independence of the alimentary tract ; and that there are a number of intermediate

stages which connect the simpler with the more highly differentiated condition.

It will not, of course, be supposed that the series of forms described in the preceding

section is a linear series which reflects with exactitude the actual evolution of the

vascular system of the Annelida. It seems, nevertheless, to be capable of affording a

number of indications, and accordingly it may be useful to supplement the statement

of the general proposition enunciated above by sketching, in the light of the foregoiug

observations, the possible course of evolution of some of the component parts of

the system.

The Intestinal Network.

In the iEolosomatidse the intestinal network is, in bulk as well as in physiological

importance, tlie chief portion of the vascular system, and other vessels are few in

number ; the condition is not very different in the Enchytrseidse. In the higher groups

it loses its preponderance, owing to the greatly increased development of peripherally

situated trunks and capillaries.

I propose to regard the network as the primary constituent of the vascular systenj,

and I believe that a recognition of its importance is a first requisite for an understand-

ing of the evolution of the latter. In this connection I may quote Vejdovsky (54):

" Das Magendarra-Gefassnetz ist iiberhaupt als Hauptbestandtheil des Gefiisssystems

der Oligochseten zu betrachten " ; and in a more recent communication (55) the

same author speaks of the intestinal sinus as the most primitive portion of the

vascular system.

The intestinal network is throughout the Oligochseta situated within the muscular

coat of the intestine ; it will suflice to refer to the evidence collected by Lang (29,
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pp. 210-218), and to Vejdovsky (55). The network will therefore originally be

contractile, as, for example, it is seen to be in ^olosoma, since the muscular coat

within which it lies is continually engaged in antiperistaltic action.

The further history of the intestinal network is the history of the differentiation

from it of numerous vessels, which either separate completely or remain as specialised

channels in the intestinal wall, and of the concomitant reduction in size and

physiological importance of the network itself.

The Dorsal Vessel.

Since the antiperistaltic movements of the whole gut-wall necessitate a forward

movement of the fluid contained in the irregular system of intercommunicating spaces

in the wall, the specialisation of definite channels may be expected to follow. The

dorsal vessel is one of such ; and it is the one in which contractility, originally the

contractility of the gut-wall, becomes specially developed.

In the Bnchytrseidse there is, in the greater part of the extent of the body,

no diff"erentiated dorsal vessel at all. In ^olosoma hemprichi a small mid-dorsal

channel is diff"erentiated in the plexus on the stomach, but not on the intestine ; in

A. viride this channel may extend back on to the anterior part of the intestine. In

the Naididse the dorsal vessel is distinct throughout the body, incorporated in the

alimentary wall along the whole of the intestine. In the Tubificidse it is in general

in close contact with the intestinal wall, and is surrounded by chloragogen cells
;

in Branchiura sowerbyi, however, it does not lie immediately on the intestine, but has,

nevertheless, a closer relation to the gut and chloragogen cells than has the ventral

vessel. The relations in the Tubificidse are repeated in the earthworms [Lumbricus

and Pheretima).

But if the intestinal part of the dorsal vessel is thus a specialisation of the alimentary

network, its remaining portion will hardly own a different origin. An indication that

the oesophageal portion of the vessel arose in a similar way is to be seen in the cellular

strands which pass across the lumen of the "heart" of j^olosoma hemprichi; these

may represent, as has already been suggested, vestiges of the partitions of an original

lacunar system, which at an earlier stage invested the anterior as well as the posterior

portion of the alimentary tract.

The differentiation of the circulatory system, as of the alimentary tube itself, has

thus proceeded further in the anterior part of the body than in the posterior. The

principle holds throughout ; it is seen in the ventral vessel of JEolosoma as well as in

the dorsal ; it is seen in the relations of gut-plexus and dorsal vessel in the Enchytrseidse
;

it is seen also in the fact that in most aquatic Oligochseta the dorsal vessel, while

incorporated in the alimentary wall in the intestinal region, runs free in the coelom

anteriorly ; while in the earthworms also the anatomical separation of the dorsal vessel

from the alimentary canal is much greater in the oesophageal region than over

the intestine.
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The Ventral Vessel.

In y^olosoma hemprichi the ventral vessel appears in the anterior part of the

body as a distinct vessel in close anatomical relation to the alimentary canal ; in the

intestinal region it is represented by a median ventral sinus-like channel on the

intestinal wall, which loses itself behind in the vacuolar spaces of the alimentary

network. In all the other groups of Oligochseta described above the ventral vessel

is an independent vessel in its whole length, separate from the alimentary canal,

and connected with the alimentary network by a number of mesially situated short

communicating channels.

The Ventral Vessel an Earlier Differentiation than the Dorsal.—The ventral

vessel thus shows throughout the series a higher grade of differentiation than the

dorsal vessel. In ^olosoma, the lowest term of the series, it has attained a degree of

development approximately comparable to that which the dorsal vessel shows in the

Naididse. In the higher terms of the series its greater anatomical separation from the

alimentary canal, and its freedom from chloragogen cells, show that it is still ahead,

and so to speak maintaining its lead. It may be mentioned that embryologically also

the ventral vessel begins to be developed before the dorsal.

The above considerations render it allowable to suppose that, as the dorsal vessel

has been differentiated from the alimentary plexus, so also, but at an earlier stage, has

the ventral. While the earlier stages in the evolution of the dorsal vessel are exemplified

for us in the lowest terms of our anatomical series, the final in the later ; and while the

evolution of the supraintestinal and subintestinal trunks has not yet begun in the lower

forms, though it has made considerable progress in the higher ; the ventral vessel, on

the other hand, began its evolution at a phylogenetic stage of which representatives are

no longer extant. Hence it is only the later portion of the evolution of the ventral

vessel that is actually exemplified in our available material.

In another way, and even more markedly, the ventral vessel is distinguished from

the dorsal. The dorsal vessel, both in its earlier form as a channel in the intestinal

wall, and again after its separation from the gut, maintains its contractility ; the ventral

vessel is from its first appearance non-contractile. We may ask, therefore—(1) Why
should the ventral vessel be the first to be differentiated ? and (2) why, even while

still attached to the intestine (AiJolosoma), should it lose its contractility ?

The answer must be as follows :—The effect of the antiperistaltic contractions of the

intestine must be to drive the fluid contained in the network in a forward direction,

and, in a closed system, a channel must necessarily exist by which the fluid can return

;

the ventral vessel is such a return channel. Again, this channel must, to fulfil its

purpose, be from its first appearance to some extent at least outside the influence of

these contractions. If under these circumstances the ventral vessel were to be con-

tractile, the contractions would have to be antero- posterior ; but this is impossible,

since vascular contractility is a derivative of that of the intestine, which is postero-
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anterior. The best that can happen, therefore, is that the ventral vessel should simply

lose its original contractility altogether.

This it does ; muscle cells are indeed abundantly present, as has been shown, among

others, by Vejdovsky (55), Schneider (42), and Sterling (52), for both lower and

higher forms ; but, although isolated statements to the contrary have been made, it will

be admitted that the ventral vessel is in general non-contractile throughout the group.
^'"

The Eayiiest Differentiations are in the Middle Line.—Can we assign any reason why

the specialised longitudinal tracts in the intestinal network, which come to form the

dorsal and ventral vessels, should appear in the median line ?

The lateral bending movements of a worm-like animal must cause temporary

obliteration of the spaces on the sides of the alimentary tube on the convexity of the

curve by the stretching out of the wall, and on the concavity by the squeezing

together of the wall in which the spaces lie. The only regions unaffected by these

deformations are the mid-dorsal and mid-ventral lines ; hence along these lines clear

channels for the flow of fluid might be formed, which would not be impeded in con-

sequence of lateral flexions of the animal's body.

It is, of course, the case that the chief vessels in Nemertines are laterally situated ; but

they are not in the same close connection with the alimentary canal as in the forms now

under consideration, and it is at least possible that the vascular system did not arise in

the same way in that group.

The Supraintestinal Vessel.

The supraintestinal vessel is a differentiated portion of the alimentary network

which exists only in certain of the anterior (oesophageal) segments of the body in the

* Beddard (3) states that the ventral vessel is contractile in Phreorydes. Harrington (a2md Lang, 29) makes the

same statement with regard to earthworms, though the pulsations " are never so well marked as in the dorsal " vessel.

Schneider (42), in saying " Somit sind beim Regenvvurra alle Getasse mit Ausnahme der kleineren Venen und der

Kapillaren kontraktil," is apparently arguing merely from the presence of muscular fibrils, and therefore begs the

question. Sterling (52), while admitting the ventral vessel in earthworms to be " sehr wenig kontraktil," adds

"auch das Studium ganz junger durchsichtiger Embryonen erlaubte mir nicht, die Kontraktilitat deutlich zu

beobachten." FucHS (19, p. 477) does not allow the ventral vessel among those portions of the vascular system of

Annelids that may show contractility ; he states, however (ibid., p. 460), that according to CLAPARfeoE it is contractile

in Haplotaxis, and adds, " Das ist die einzige mir bekannt gewordene positive Angabe von einem kontraktilen Vas

ventrale." Vejdovsky (55) takes up the same position as Schneider ; thus (loc. cit., p. 140) he says, " Dass die Intestinal-

gefasse gewiss kontraktil sind beweist ihre muskulose Umhiillung, namentlich der in das Riickengefass ausmlindende

Abschnitt" ; and again (loc. cit., p. 157), in a statement which includes the ventral vessel, which is our present concern,

" Samtliche Bestandteile des GefasssysLems sind mit Muskelfasern versehen, und somit miissen alle kontraktil sein,

mag man sie auch als nicht kontraktil bezeichnen." The argument seems to me to be defective, and much as if one

should argue that a man must be able to move his ears because he possesses a series of muscles attached thereto.

Vejdovsky expresses himself more cautiously in another place (loc. cit., p. 147), where he says, " Es sind also dem Baue

nach alle Gefasse kontraktil, oder besser, alle bestehen aus Muskelzellen."

Taking the last statement as correct, is it not possible to apply the principle of change of function ? The vascular

system is developing, throwing out extensions ; the material at hand for building it is muscle cells. These are not

required to be contractile throughout ; hence, though still recognisable as muscle cells, they become, in certain parts

of the system, merely passive building materials. They may even lose their distinctive histological characters : cf.

Vejdovsky, in a sentence which occurs immediately before the one last quoted, " Schliesslich sind die Zellea, aus

welchen die feinsten Oapillaren bestehen, in die Kategorie der Muskelzellen zu stellen, wenn auch hier keine fibrillare

Struktur uachweisbar ist."

At any rate, the question of contractility is rather one for actual observation than for decision by inference from

histological structure.
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Tubificidse ; in Pheretima it extends backwards along the intestine also. It is,

however, by no means invariably present in the higher Oligochseta {cf. the data given

by FucHS, 19).

In the Tubificidse Beddard (3, p. 69) considers that this vessel is in the anterior part

of the body the homologue of the dorsal vessel in the posterior part, and that the

anterior part of the dorsal vessel, which occurs along with and above the supraintestinal

in the oesophageal region, is a new structure. But it is to be noted that even in the

Naididse the anterior part of the dorsal vessel is less intimately related to the alimentary

canal than the posterior; and that in Pheretima (and Pontodrilus, cf. Fuchs, loc. cit.)

the supraintestinal is not confined to the anterior part of the body, but extends the

whole length of the intestine.

A more acceptable view of the relations of the supraintestinal would seem to be the

following :—With the progressive differentiation of the vascular system the dorsal

vessel separates itself from the intestine ; such diff"erentiation proceeds, as we have

seen, more rapidly in the anterior than in the posterior part of the body ; the same

causes which led to the specialisation of the dorsal vessel as a median channel in the

intestinal network again become active after the separation of the dorsal vessel from

the intestine ; and hence we have the formation of the supraintestinal, at first in the

oesophageal region, and later, when the dorsal vessel has attained a considerable

anatomical separation along its whole length (e.g. Pheretima), throughout the entire

extent of the intestine.

The Suhintestinal Vessel.

The suhintestinal vessel is well known in certain Tubificidae, where it corresponds

in position on the ventral side of the oesophagus to the supraintestinal on the dorsal

side. It is not recognised by Fuchs as occurring in any of the higher groups. If,

however, reference be made to the account previously given of the blood-vessels in

connection with the alimentary canal in Pheretim^a posthuma, it will be seen that there

is in that species a channel on the anterior part of the intestine to which the name

may be applied. A similar mid-ventral channel occurs on the "crop" in Chsetogaster

orientalis {vide ante) ; according to Fuchs [loc. cit., p. 454) the same vessel has been

described in CJisetogaster crystallinus by Leydig, and in Lumhriculus by Bulow. The

suhintestinal may therefore be looked on as a specialisation of the alimentary network

showing various degrees of development, and formed after the separation of the

ventral vessel in the same way as the supraintestinal after the separation of the dorsal.

Other Specialisations of the Alimentary Network.

These are sufficiently illustrated by the foregoing description of the intestinal

network of Pheretima, which, belonging to the Megascolecidae, may be looked on as

one of the most highly developed forms of the Order, The transverse channels of the
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plexus, on both intestine and oesophagus, are the most obvious ; but the system com-

prises numerous and definite longitudinal and oblique vessels also.

We thus have anatomical evidence that a very considerable proportion of the blood-

vessels in both lower and higher Oligochseta are derived from the alimentary plexus,

which, situated in the gut-wall, is the most primitive portion of the system ; the

vessels have arisen by a progressive differentiation of the channels in the plexus,

which at first, as still in y^ulosoma, consisted of a system of irregular lacunar spaces.

Of the remaining portion of the vascular system, I propose to consider in detail

only the lateral loops or commissures, a certain number or all of which are, like the

dorsal vessel, contractile, and share in the function of propelling the blood.

The Lateral Commissures.

The direct evidence for the origin of the lateral loops from the alimentary network

is less than in the case of the vessels previously considered, and the earlier stages of

their development are not clearly documented for us. The argument must be largely

one of analogy.

The contractility of the dorsal vessel is originally the same thing as the contractility

of the gut-wall ; and unless we are to assume an altogether different origin for the

contractility of the commissures, these also must be imagined as having their origin

in the gut-wall and as having later separated from it.

Anatomically, it is perhaps worth while to recall such features as the parallel

channels running transversely between dorsal and subintestinal vessels in the crop of

CJiastogaster, and the well-marked transverse vessels in the intestine and oesophagus

of Phe7'etima and other earthworms. These examples show that not only longitudinal^

but transverse channels also, may be formed in the gut-wall. From such channels

the commissures may be supposed to have arisen, separating themselves from the

alimentary wall in a manner like that of the dorsal and ventral vessels. As to why

such channels only separate from and become independent of the alimentary canal to

the number of one pair per segment, the answer is probably that this can only happen

where there is some support for them, along which they can travel, i.e. can only happen

at the positions of the septa.

Is a Small or a La7'ge Numher of Commissures the Prim,itive Condition ?—In the

Tubificidge and in the higher families of the Oligochseta there is, speaking generally,

a pair of lateral loops to each segment of the body ; in ^olosom,a there are none, in

the Naididse and Enchytrseidse a few only, situated in the anterior region. Which

condition are we to look on as primitive ? In other words, are we to consider the small

number of loops in the Naididse and Enchytrseidse as the remnant of an originally

complete series, and is JEolosoma the last stage in the path of degeneration ?

Let us consider first the case for degeneration. It has, in fact, been urged by

Beddard (3, pp. 72, 167, 170) that JEolosoma and the Naididse, though simple forms,

are secondarily simple, and not primitively so.
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(1) Anatomical evidence in support of this position is not wanting in the case of

yEolosoma ; the cerebral ganglion remains attached to the superficial epithelium

throughout life, and the ventral nerve cord is absent, or, at any rate, only demonstrable

with difficulty as a rudiment. Again Vejdovsky (54) found in occasional specimens

of A. ehrenhergii { ^ heni'prichi) two fine lateral commissures given off from the

pharyngeal vascular ring, which he thought joined the dorsal vessel ; these might be

looked on as vestiges of lateral loops which in most individuals have entirely disap-

peared. As regards the Naididse, however, apart from certain peculiarities in the genus

CJisetogaster, which I have previously argued is descended from parasitic ancestors, I

cannot recall any features in the adult anatomy which point clearly to degeneration.

The same may be said of the Enchytrseidse, which, like the Naididse, have only a small

number of lateral commissures.

The answer to the argument for the degeneracy of the lower families of the Oligo-

chseta would be that admitting it as probable for JEolosoma, at least as regards certain

features, still degeneration in respect of certain structures does not mean degeneration

in respect of all ; that Beddard himself (3) derives ^olosoma from the base of the

Oligochsete stock ; and that in any case degeneration has not been made out for the

Naididse and Enchytrseidse. At the same time Vejdovsky's observations quoted above

carry weight as regards the decision of the question in jEolosoma.

(2) The prevalence of asexual reproduction in JEolosoma and the Naididse may

be used as an argument for their degeneracy. Thus Beddard (3, p. 170), for ^Eolosoma,

adduces the statement of Meyer, that asexual reproduction only occurs in undoubtedly

degenerate forms, or in those forms where sexual products abound in the posterior as

well as the anterior part of the body. But Meyer's position is, I think, difficult to

substantiate, and the statement is probably too sweeping ; and to use it in support

of the present contention is to take for granted the precise point at issue. Moreover,

the argument does not touch the Enchytrseidse.

(3) Beddard (3) quotes Bourne's observations (8) on Uncinais littoralis, in

which species a regular series of loops was found to be present in the budding zone of

those individuals which were reproducing by fission. Beddard, using the word "bud
"

apparently in the sense of a young individual, states (from Bourne) that "in the

young buds commissural vessels occur in all the segments " [loc. cit., p. 295 ; cf. also pp.

72, 277, in the same sense), most of which vessels afterwards disappear. It is inferred

that phylogenetically, also, the Naididse as a family primitively possessed an extensive

series of loops reaching to the posterior end of the body, and that these have secondarily

become reduced in number.

It is necessary, in order exactly to understand the position, to refer to Bourne's

original description, and especially to his figures. We have not a complete account

of the history of these loops ; but what Bourne states, and what his figure shows, is

that the loops are present in the actively growing regions of the worm, i.e. the zone

of budding and the posterior end of the animal. It is, however, clear that no individual
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of a chain ever has a complete series of loops ; and that of the loops which are actually

formed, a certain number at least do not disappear, but persist, in an adult worm, in

the middle of the animal's body ; this is shown by Bourne's fig. ii., since the loops of

the segments numbered xviii., xix., xx., xxi., in that figure belonged, before the onset of

asexual reproduction, to segments xviii.-xxi. of the parent animal, and were not pro-

duced in a budding zone.

An opponent might therefore reply that if the above interpretation of Beddard is

correct (in supposing that he bases his position on the appearance of a complete series

of loops, most of which subsequently disappear), it would seem that his argument needs

modification ; that it is doubtful how far the processes of asexual reproduction are

significant in a consideration of phylogeny ; and lastly, that while the interest and

importance of the observations are admitted, it will be advisable to wait for a complete

account of the history of the loops before drawing conclusions, and before extending

them to the NaididtB in general and especially to the Enchytrseidse and ^olosomatidse,

(4) However the case may stand with regard to Uncinais, we have in Branchio-

drilus a genus of Naididas in which a complete series of lateral loops exists in the adult

condition. It may be argued that here at least there is exemplified for us the primi-

tive condition, in comparison with which the remaining genera are regressive.

The question then is. Is a single form, Branchiodrilus, to be looked on as progres-

sive as compared with the rest of the Naididse ; or are these to be looked on as degenerate

in comparison with Branchiodrilus ?

Branchiodrilus is a specialised form ; the loops are throughout a considerable

portion of the body continued into the gills ; and it is thus the presence of an extended

series of lateral loops which gives the possibility of the development of the gills, which

they supply with blood.

It is open to us to suppose, therefore {a) that a progressive variation, viz. the

production of an extended series of loops, has been seized and taken advantage of for

the development of gills
; (6) or, considering the complete series of loops in Br-anchio-

drilus to be a primitive feature, that the development of gills is the reason of the

retention, in this isolated case, of the lateral loops which have disappeared in the

other genera.

The first alternative would appear to be preferable, since the loops extend through-

out the body, including the posterior region, whereas gills are absent from the hinder

part of the animal.

The argument is not conclusive either way ; but it appears to tell rather against

than for the assumption of a complete series of loops as a primitive condition.

The opposite side of the question, i.e. that a small number of loops situated in the

anterior part of the body represents the more primitive condition, the complete series

being a later development, may now be considered.

(1) In the first place, there is the fact that the circulatory system as a whole does

broadly, as has been shown, exhibit a gradual advance from the condition in jEolosoma
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through the Enchytrieidse, Naiclidse, and Tubificidse, to that presented in the higher

families of the Order. Again, speaking broadly, it is scarcely feasible to read this

series downwards, as a number of successive stages in a process of degeneration ; it

would, for example, be difficult to suppose that a developed dorsal vessel has united

with the gut-wall and finally dissolved in the vascular network ; and it would be im-

possible to contend that the contractions of an originally distinct dorsal vessel, which

were by chance in the same direction and of the same nature as those of the underlying

intestine, united by a series of stages with those of the gut in proportion as these

structures became gradually united anatomically, until finally there was a physiological

fusion and solution, if I may use these terms, similar to the anatomical fusion and

solution.

It may, of course, be urged that the lateral loops might nevertheless undergo de-

generation while the rest of the system continued on the upward path. But it is

unlikely that in a system which has been shown to be generally progressive so

important a part should develop in a contrary direction, and the burden of proof must

lie on those who suo-gest it.

(2) The fact that there are a certain number only of lateral loops, and these in the

anterior part of the body, in the Naididse and Enchytrseidse, is in harmony with the

idea of a progressive rather than a regressive development. We have seen that

the anterior region is the region of greatest differentiation of the vascular as of the

associated alimentary system ; the dorsal vessel first appears here as a distinct vessel

;

when formed throughout the length of the body, it separates from the alimentary canal

here first ; an indication that the ventral vessel develops in a similar way is seen in

jEolosoma ; the supraintestinal and subintestinal vessels are developed first, or only,

in the anterior region ; and as regards the transverse channels, it may be recalled that

in Chsetoguster the parallel transverse vessels in the alimentary wall are most regular,

numerous and conspicuous on the crop, less so on the stomach, and become indistin-

guishable on the intestine. We should, I think, naturally expect to find the separated

lateral commissures at first few and anterior, as in Nais, Pristina, Dero, etc. ; then

more numerous and extending further back ; and finally in regular series throughout

the body, as in Branchiodrilus among the Naididse, in the Tubificidse, and in the

earthworms.

It appears to me, however, to be impossible at present to come to a definite

decision on the question ; and accordingly the above statement of the arguments

on both sides is all that will be attempted here.

The Course of the Circulation.

The relations between the contractions of the alimentary wall and those of the

dorsal vessel, previously described, explain to us the fact that the course of the blood

in the dorsal vessel of the Annelida is from behind forwards. Even where this vessel
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is no longer in direct association with the intestine it still retains, in the direction of

its contractions, a mark of its origin.

The course of the blood between intestinal network and dorsal vessel has been

variously stated. Thus Beddard (3, p. 74) states that in the Naidomorpha and Tubi-

ficidse " the (intestinal) network is fed from the dorsal vessel, and the blood returns

into the ventral vessel " ; adding, " the network at any rate has connections with both

vessels" (this is denied, however, on p. 240 as regards the connection of the network

with the ventral vessel in the T'ubificidse, except Ilyodrilus). Vejdovsky, on the other

hand (54, p. 115), speaking of the Oligochseta in general, says :
" There are usually one

or two pairs of such thicker anastomoses (between intestinal network and dorsal vessel)

in each segment, which conduct the blood from the network to the dorsal vessel " ; and

(p. 113) the dorsal vessel "is to be regarded as the organ for the collection and pro-

pulsion of the blood which enters it from the intestinal network of vessels." Bouene

also thought that the blood went from the intestine to the dorsal vessel and not vice

versa [cf. Beddard, Ioc. cit, p. 76).

In the absence of floating corpuscles in the blood, actual observation of the direction

of the flow is difficult. Vejdovsky's view is however the one which harmonises better

with the considerations here put forward. The fluid in the network is moved forwards

by the antiperistaltic contractions of the intestinal walls ; and since the specialised

median dorsal channel is first developed as a forward continuation of the path taken by

the fluid, which travels in the same direction in both, the fluid must enter the dorsal

vessel from the network, and not vice versa ; the ventral vessel, having been specialised

and early separated from the intestine for the purpose of providing a return channel,

must deliver the blood again to the network.

The Origin of the Vascular System.

In the present section I have attempted to sketch the evolution of the various com-

ponents of the vascular system of the Oligochaeta, the idea on which the sketch is based

being that that evolution has proceeded by progressive diff"erentiation of the intestinal

plexus, with the formation and separation from the intestinal wall of distinct blood-

vessels. Such an evolution has been clearly traced for the dorsal, supraintestinal, and

subintestinal vessels ; and there are at least indications of a similar origin for the

ventral vessel and the lateral commissures. We come then to the conception of a

simple series of intercommunicating vacuole-like spaces in the wall of the alimentary

canal throughout its extent, as the first representative of the circulatory system. The

final question is. How did these fluid-containing spaces originate ?

The suggestion that most readily presents itself is that the spaces originated by

transudation of liquids from the lumen of the gut ; in using the word " transudation,"

however, it is not intended to exclude an active participation of the intestinal epithelium

in the process. The alimentary matters introduced by the mouth, it is to be supposed,
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passed, after being reduced to solution, through the epithelial wall ; similarly a certain

amount of water carrying oxygen and dissolved matters, introduced at the anus.

These fluids tended to accumulate in a series of spaces which they made for themselves

external to the alimentary epithelium ; as the spaces increased in size, they became

confluent ; and thus was established the alimentary network, from which by progressive

difl"erentiation the vascular system was later evolved.

4. The Theories of Lang and Vejdovsky.

The foregoing considerations are based on observations on one order only—that of

the Oligochseta, and of certain families only within that order. Though these con-

siderations apparently help to explain the origin of the vascular system in the group

on which the observations have been made, it is quite possible that the explanation

may not be of universal application ; it will, however, in all likelihood be found applic-

able to the Annelida in general, and consequently to any groups which can be shown

to be descended from these. But it appears possible that the vascular system is not

homologous throughout the animal kingdom, and that in the Nemertines, for example,

it may own a difl"erent origin.

The observations also, while partly anatomical, are largely from the side of

physiology. I have not, however, attempted to emulate the painstaking histological

researches which have of late been directed, by a number of observers, towards the

elucidation of the problem here considered. But such agreements as are found between

the results here attained, and those reached by other workers, on other groups and

along other lines, will be of value from the very fact that the path here pursued has

been a different one.

The first agreement that I have in mind is that which exists between the results

here reached and those put forward by Lang (29), in respect of the same question.

Lang's theory, based on anatomical and also especially on histological evidence,

collected in great quantity and detail, and discussed in the work just referred to,

supposes the vascular system to have had its origin in the diffusion of fluid into the

space between the epithelium of the alimentary tube and the surrounding mesoblastic

elements, which, in accordance with the gonocoel theory of the origin of the ccelom, are

conceived as genital pouches. At its first appearance the system is thus constituted

by a perienteric sinus, with ring-like centrifugal extensions between the transversely

placed walls of successive gonadial chambers, and dorsal and ventral extensions in the

sagittal plane (mesenterial sinuses) between the adjacent inner walls of the right and

left chambers of the same pairs. The main blood-vessels, dorsal, ventral and lateral

commissural, are specialisations of this common reservoir, determined as to their position

by the places in which the neighbouring walls of the coelomic (gonadial) chambers come

together and fuse. The similarity, in a general way, of the view put forward in the last

section with the central idea of Lang's theory needs no emphasis.
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Lang sets forth his conclusions in the form of a number of theses (pp. 192-200)

;

of these, those which more particularly agree with the views put forward above are

the following :

—

(1) (Theses 2, 3).—Though, as will be seen below, the matter of these two proposi-

tions is not completely in accord with my views, one idea contained therein finds

expression also in the present paper : viz. that the blood-vascular system originates

in the diffusion of fluid from within the intestinal cavity into a space (or series of

spaces) outside the epithelial layer.

(2) (Thesis 11).—Here is expressed the view that the first vessel which separated

from the perienteric sinus, and so became independent, was the ventral vessel ; and

that thus the return of the blood, which travels forwards in the sinus, was provided for.

(3) (Thesis 28).—The musculature of the longitudinal vessels is here derived from

the musculature of the intestinal wall ; at first, before the complete separation of these

vessels from the sinus (I should prefer the word "plexus" where the reference is to the

primitive condition), the muscular coat would be wanting above (in the case of the

ventral) or below (in the case of the dorsal vessel) ; a complete investment would be

attained when the vessels had become fully separated. This agrees with the physiological

observations which I have recorded above, and describes the manner in which the

anatomical difl"erentiation, which corresponds to the physiological differentiation of two

separate contractile rhythms, must have taken place.

If in what follows I dwell at greater length on certain of the difierences between

Lang's conception of the early history of the vascular system and my own, it will

be understood that this is not because the importance of the differences outweighs the

essential agreement, but because of the necessity I am under of justifying, to the extent

of my ability, my temerity in opposing myself to so distinguished an author and

investigator.

(1) (Theses 2, 3).—Lang, deriving the earliest Annelids from Turbellarian-like

forms with metamerically branching alimentary space and numerous gonadial sacs

occupying the intervals between the neighbouring branches, supposes that these

sacs swelled to form a chambered coelom ; that in proportion as this took place the

interposed branches of the alimentary cavity shortened and disappeared, leaving a

space in their stead ; which, becoming filled with nutritive fluid diffusing through from

the intestinal cavity, formed the origin of the vascular system. At first this con-

sisted of a (continuous, vide Lang's fig. 2) peri-intestinal sinus with, as prolongations

therefrom, septal and mesenterial sinuses between adjacent chambers of the coelom.

On this 1 may perhaps remark, that if the branches of the alimentary cavity shrank

only in proportion as the gonadial sacs swelled (in dem Masse, als sich die Sackgonaden

zu Gonocolsacken erweiterten), no space would be left. If such were left, it would not

represent a peri-intestinal sinus (since nothing is said as to the shrinking of the main

intestinal tube), but a series of septal sinuses. And lastly, my main point is that the

transudation of fluid, when the latter first began to accumulate between intestinal
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epithelium and gonocoel wall, would presumably at first give rise to a number of

vacuole-like spaces ; later, these would spread and fuse here and there to form a

network ; while in some cases the process might go further still, and result in the

formation of a peri-intestinal sinus. My own idea of the formation of a sinus, in

those cases where it occurs, corresponds to the description by Gamble and Ashworth

(20) (also referred to by Lang, p. 210), who show that the intestinal sinus in the

Arenicolidjie is a secondary formation ; the original condition ontogenetically is that of

a plexus, which later gradually extends itself by the fusion of the individual vessels to

form a continuous sinus. I cannot help thinking that Lang has added to the difficulties

of the theory by assuming a continuous sinus as the original condition, from which, in

most cases, a network has been formed by subsequent approximation and adhesion

of the tissues of the coelomic wall to the alimentary epithelium.

The evidence, I think, is the other way. Firstly, as stated above, it seems on

mechanical grounds easier to conceive the network as giving place to the sinus than

vice vei'sd. Secondly, the network is the commoner, the sinus the rarer condition

;

and, indeed, this is probably the case in greater degree than at first sight appears, since

what is really a network has frequently been called a sinus.* And thirdly, as mentioned

above, in the Arenicolidae a plexus does actually give place to a sinus during individual

development.

(2) (Thesis 9).—The contractility of the vascular walls is supposed by Lang to be

derived from the contractility of the walls of the gonadial sacs, which came into play

primarily for the purpose of expulsion of the genital products ; these contractions

* We may take, for example, the case of the Eiichytrseidae (cf. Lang, op. cit., pp. 210-216). The perienteric "sinus"

here, according to Michaelsen (quoted by Lang), is " eher ein dichtes Netz von Blutkanalen," or, according to another

paper of the same author, " besteht aus vielen hart nebeneinander verlaufenden Kanjilen." So, too, I have observed in

a specimen of Lx(,mhricillus sahterraneus, in which the posterior part of the body was much engorged and the blood

coagulating, that the ajjpearance in the alimentary wall was that of a thick, close-set network of large vessels, v.'itli

hardly any interspaces between them.

Beddard, discussing this point (quoted by Lang, p. 215), also speaks of a network, and doubts the existence of a

continuous sinus. Lang here takes Beddard to task, remarking, " Sodann bezweifelt Beddard auch, man weiss nicht

weshalb, die Eichtigkeit der verschiedenen Angaben von Michaelsen und Vejdovsky iiber den Darniblutsinus der

Encliytriiiden." Lang is, however, wrong, at any rate as regards Beddard's attitude towards Michaelsen. Michaelsen

speaks of " a close network of blood-channels," and of " numerous closely approximated channels." Though STich a

condition may perhaps loosely be called a "sinus," it is certainly more properly described as a network ; Beddard,

using the words in their strict significance, is in agreement with Michaelsen's facts, though possibly differing in the

name he uses to denote the condition.

As illustrating the loose use of the term " sinus " referred to in the text, I may take two instances, quoted by Lang

though with a different object. On p. 214 Hesse is apparently made to speak of " Darmsinuskanale," and " Darmsinus-

kapillaren" ; and Lang himself a few lines lower speaks of "die Kanale des Blutsinus" ; such expressions are, to my
thinking, self-contradictory, since, if a system consists of canals or capillaries, it cannot at the same time be a continuous

space,—which is what I take the word " sinus " to mean, and which is the sense required by Lang throughout his

discussion of the origin of the vascular system. Again (top of p. 217), Hesse speaks first of a "blood-sinus," then of

cells whose long diameter coincides with the axis of the "blood-vessel" (des Blutgefasses), and lastly of a "blood-sinus"

again. I may add that Vejdovsky apparently uses the expressions "sinus "and "network" without distinction ;
thus

(.55, p. 155, 156), "sog. Darniblutsinus" and " sog. Blutsinus," of Oligochteta in general
; (p. 85) of Pherelima, "des

sog. Blutgefjissnetzes (Darniblutsinus) "
; (p. 119) " Darmsinus" and " Darniblutsinus," of Pheretima

; (pp. 125 and 139)

" Darniblutsinus," of Dendrohaena, a Lumbricid ; it would seem that he holds the view that the system is essentially a

sinus throughout the Oligochseta :
—"Der Darniblutsinus (of Pheretima) gestaltet sich von der Oberfliiche als das

sog. Darmgefiissnetz, indem er in einzelne langs- und ringsverlaufende Kanale abgeteilt ist, die untereinander kom-

munizieren. An Querschnitten erscheint er als eine machtige Lakune , . .
"

(p. 119).
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became more and more subservient to the needs of the circulation ("Die Kontraotionen

der Gonocolwande . . . konnten sich immer mehr und immer spezieller in den Dienst

dieser Blutbewegung stcllen ").

As will be apparent from the foregoing, the contractility of the blood-vessels is to

be derived from the antiperistaltic contractions of the gut (which had not at first a

specially circulatory significance) ; and these are to be looked on as a primitive charac-

teristic of the alimentary canal [vide post, p. 780).

(3) Thesis 20 runs as follows:
—

" Dass die Darmmuscularis urspriinglich dem
Darmepithelrohr fremd ist, erhalt eine interessante Illustration durch die vielfach

beobachtete Tatsache, dass ihre Kontraktionswelle bei den mit einem Darmblutsinus

ausgestatteten Polychaten antiperistaltisch verlauft. Sie dient hier nur als propul-

satorischer Apparat des vom Darmsinus in das Riickengefass stromenden Blutes." The

limitation (bei den mit einem Darmblutsinus ausgestatteten Polychaten) is needless
;

the contractions are antiperistaltic in the aquatic Oligochseta, and also, as will be shown

in the second part of the present paper, in a number of families of Polychseta which

do not possess a perienteric sinus.

Lang apparently here bases himself on Wiren's statements with regard to the

Polychaeta (p. 206): " Die fast immer stattfindenden peristaltischen Bewegungen der

Ringmuskulatur schreiten bekanntlich von hinten nach vorn fort. Sie haben also eine

andere Aufgabe als die Nahrstoffe zu bewegen "
; but this purpose is not respiratory,

for " der hauptsachliche und wahrscheinlich der einzige Zweck der peristaltischen

Bewegungen ist, wenigstens bei denjenigen Anneliden, welche in der Darmwandung

eine grosse, mit Blut ausgefiillte Lakune besitzen—und dies scheint wenigstens bei

alien sedentaren der Fall zu sein—das Blut der Darmwandung vorwarts zu treiben."

The statement which I here wish to oppose, which occurs in the quotations from

both FjANG and Wiren, is that the antiperistaltic contractions of the intestine in the

Polychaeta are altogether circulatory in their purpose, and not at all respiratory. In

the first place, the antiperistaltic movements are associated apparently for a common

purpose, and in Polychaeta as well as in Oligochaeta (as a reference to the second part

of this paper will show), with an ascending ciliary action, which can have no effect on

the circulation. Secondly, the antiperistaltic contractions are usually much more

violent than would be necessary for the movement of the fluid in the intestinal network,

since they cause a considerable constriction of the alimentary tube and may even

entirely occlude its lumen ; they have therefore presumably some other function than

the circulation to subserve, and this can hardly be other than the forward propulsion

of matters in the alimentary canal, i.e. largely of fluid introduced at the anus, where

the antiperistaltic contractions begin and are usually most violent. Thirdly, the

combined effect of antiperistalsis and ascending ciliary action demonstrably is to

introduce fluid into, and to propel it along, the alimentary canal {cf. also the observa-

tions on Polychseta in Part II., and especially pp. 804, 811, on the "gulping"

action of the anus and the antiperistaltic waves which follow on this) ; the result must
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necessarily be the absorption of oxygen (and dissolved food-matters) by the intestinal

epithelium.

I cannot find that any evidence against the respiratory nature of the phenomenon

is adduced ; there would therefore seem to be no reason to doubt that the antiperistaltic

contractions have at the present day the double function of moving in a forward

direction both the blood in the network and the fluid in the alimentary canal.

(4) (Thesis 21).
—"Die antiperistaltische Bewegung der Muskelwand des Darmblut-

sinus (der visceralen Muskelschicht der Gonocolsacke), die sich in die von hinten nach vorn

verlaufende Kontraktionswelle des Riickengefasses fortpflanzt, welches selbst nur eine

vordere mediodorsale Fortsetzung des Blutsinus ist, hatte vielleicht urspriinglich den Sinn,

die im resorbierenden hinteren Abschnitt des Darmes gewonnene ernahrende Fllissigkeit

auch dera vorderen Korperteile zu gute kommen zu lassen. Das innere Flimmerkleid

des Darmes besorgte allein die analwarts gerichtete Fortbewegung des Darminhaltes."

In Thesis 20 {vide supra) the statement was made that (in the Polychseta) the sole

function of the antiperistaltic contractions is circulatory. Here it is stated that this is

perhaps also their original function (" • • • hatte vielleicht urspriinglich den Sinn . . . ").

This is, of course, opposed to the general argument of the present paper, according to

which the antiperistaltic contractions are an original property of the alimentary canal

subserving ingestion, and only secondarily brought into the service of the circulation.

In the first place, it will be agreed that peristalsis, in whichever direction it proceeds,

has throughout the animal kingdom, speaking generally, the function of moving matters

contained in the lumen of the tube, not in the substance of its wall.

In the second place, peristalsis (under which head I include for present purposes

antiperistalsis) is known at lower levels in the animal kingdom than the Annelida. It

occurs, for example, in the oesophageal tube of Actinozoa ; thus Carlgren (11) describes

how ingestion is mainly accomplished by peristalsis in Tealia, Actiyiostola, and Bolocera,

and is partly eff"ected by the same means, with the help of ciliary action, in Caryo-

phyllia
;
peristaltic action is also said possibly to assist in the expulsion of solid food-

remains in Tealia and Actinostqla. Again Lang (28) describes in Polyclad Turbellaria

a series of sphincter-like bands of muscular tissue on the branches of the alimentary

canal, which can contract so far as to obliterate the lumen ; by means of peristaltic-like

contractions of these bands the fluid contents of the main channel of the alimentary

canal are driven throughout the system as far as the end branches, and afterwards back

into the main tube again.

Arguing from the comparative standpoint, therefore, it would seem that the original

function of peristaltic contractions in the animal kingdom was to move in one direction

or other substances contained within a tube-like cavity.*

* It is perhaps rather disingenuous on my part to introduce the Polyclada as an example drawn from a lower

phylogenelic level, seeing that I am doubtful about accepting Lang's theory of the derivation of Annelids from Tur-

bellarian ancestors ; I am not sure that there is not more truth in Hubrecht's view, which is the reverse of Lang's.

Lang, however, and those who think with him, will appreciate the force of the example in this connection, even if it

does not appeal so strongly to me. In any case, there remains the fact that peristalsis occurs amongst the Ca'lenterata.
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Both at its first origin, then, and generally at the present day, this is the function

of peristalsis. If now we say, with Lang, that its original function in the Annelida

(the statement is not, in Lang's Thesis 21, restricted to Polychseta) was ("perhaps")

circulatory, we assume a different origin for the contractions ; we renounce the

possibility of deriving them from the peristaltic contractions of the alimentary tube

of lower forms, which are concerned with ingestion, and must suppose them to have

arisen de novo for the purpose of circulating the fiuid contained in the substance of

the gut- wall.

It seems to me preferable to connect the peristaltic action of the intestine in

Annelida with similar phenomena in lower forms ; to suppose that it existed before the

circulatory system was evolved ; and to hold, therefore, that its primary object was

the movement of matters within the lumen, and that its circulatory function is secondary.

Vejdovsky (55, 56), basing his conclusions on refined histological researches, has

recently put forward views on the origin of the vascular system in the Annelida which

conflict in certain points with the theory of Lang.

Choosing the Enchytraeidse as a starting-point, Vejdovsky shows that the perienteric

sinus is crossed by thin protoplasmic strands passing between certain basal replacing

cells of the intestinal epithelium, which bounds the sinus on its inner side, and a

connective-tissue-like membrane which limits it externally ; intimately associated with

this membrane are a number of flattened, hemispherical, or sometimes stalked cells,

which project into the sinus. External to the membrane are the muscular coats of the

intestine and the chloragogen layer. The membrane (vasothel) is interpreted as having

been separated from the intestinal epithelium, the cells in connection with the vasothel

as having migrated outwards from the layer of replacing cells, and the strands which

cross the cavity of the sinus as constituting evidence of the original unity of the outer

with the inner wall of the sinus. The sinus is therefore contained within the entoderm.

The dorsal vessel possesses two muscular layers, a circular and a longitudinal,

continuous with the muscular coats of the intestine. Within these there exists the

same vasothel, with the same hemispherical or stalked cells, as was found in the wall

of the intestinal sinus ; the cells possess processes in which fine fibrils, staining black

with iron-hsematoxylin, are demonstrable ; they have, therefore, the character of muscle-

cells. The other vessels have a fundamentally similar constitution ; the cells of the

vasothel, however, may assume different forms, such as, for example, an elongated pear-

shape in those cases where they are aggregated to form valves, a cubical shape where

they form the rod-like cardiac body.

In the higher families (Tubificidse, Megascolecidse, Lumbricidse, as represented by

RhyncJielmis, Phei^etima, and Dendrohgena) the constitution of the vascular system

is essentially the same as in the Enchytrseidse.

Vejdovsky sums up the theoretical conclusions to be drawn from his observations as

follows :
—

" Sie zeigen vor allem, dass der sog. Darmblutsinus die urspriinglichste

Komponente des Gefasssysteras vorstellt und dass dieser Sinus ein integrierender
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Bestandteil des Entoderms ist. . . . Das Darmepithel nach aussen einc cuticulaartige

Basalmembran absondert, zwischen welcher und dem Darmepithel sich die Blutfllissig-

keit ansammelt. Doch bleiben einzelne Zellen des Epithels durch lange Fortsiitze mit

der Basalmembran in Verbindung, nameutlich auch die amoboiden Ersatzzellen des

Entoderms. In dem Masse nun, wie durch die Assimilationstatigkeit der Darmzellen

sich die Blutfliissigkeit vermehrt, erweitert sich der Blutsinus an der Basis des Darm-

epithels und es losen sich einzelne amoboide Ersatzzellen aus dem Verbande derselben

los und erscheinen dann als selbstiindige Komponenten der ausseren bindgewebigen

Umhiillung (der urspriinglichen Basalmembran). . . . Auf diese Weise liegt der Darm-

blutsinus im Entoderm selbst und seine aussere bindegewebige, dicht unter der Muskul-

atur des Darmes sich erstreckende Umhiillung wird als Vasothel bezeichnet, dessen

Zellen mit Kernen hockerartig in das Lumen des Sinus vorspringen und auf diese

Weise auf ihren entodermalen Ursprung hinweisen. Das durch eine Delamination

des Entoderms entstandene Vasothel ist daher die urspriinglichste Umhiillung der

Blutbahnen.

"Aus dem Bisherigen geht soviel hervor, das der sog. Blutsinus aus dem Entoderm

hervorgegangen ist, indem sowohl sein Inhalt, namlich die hamoglobinhaltige Blutfliis-

sigkeit, wie die aussere Umhiillung, das Vasothel, vom Darmepithel abzuleiten ist.

Da ferner die Hauptblutbahnen, wie das Herz und das Bauchgefass einfache Differenzier-

ungen des Blutsinus vorstellen, muss sich in erster Reihe auch das Vasothel an deren

Bildung beteiligen. . . . Diese innere Ausstattung verbreitet sich aber auch in die

spater sich bildende Seitengefasse, ja sie tritt auch in die Capillaren hinein." And

finally, " Das Gefasssystem stellt einen Hohlraum sui generis vor, welcher weder vom

Blastocol, noch Schizocol abgeleitet werden kann und fliglich als Hamocol bezeichnet

wird. Trotzdem kann man hier keine Neubildung erblicken, indem die urspriinglichen

Bestandteile des Hamocols, die Blutfliissigkeit und deren aussere Umhiillung, das

Vasothel, vom Entoderm herstammen."

Vejdovsky's first contribution (55), from which the above is taken, was called forth

by Lang's " Trophocoltheorie," to which it is opposed on the majority of essential

points. The two authors agree that the origin of the vascular system is to be sought

in the accumulation of fluid at the base of the layer of intestinal epithelium, but there-

after they part company. Lang holds that the original position of the fluid is between

epithelium and surrounding muscular layer ; Ve.jdovsky that it is within the epithelial

layer itself, since it is limited externally by the basement membrane of the epithelial

cells and by certain, originally amoeboid, replacing entodermal cells which associate

themselves closely with the membrane. Lang holds that when definite blood-vessels

are difl"erentiated and separated from the sinus, they, so to speak, leave behind them the

entodermal epithelial layer ; their walls are now constituted solely by muscular or at

least mesoblastic cells, and there is therefore no epithelial layer bounding their lumen,

within the muscular layer of the vascular wall ; Ve.jdovsky constantly finds a thin

membrane, with associated cells, lining the lumen of the blood-vessels within the
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muscular layer, which membrane and cells he derives from the entoderm, within which

the original development of the vascular system took place. And while Lang considers

the cardiac body of certain Enchytrseidse, the valves and the blood-corpuscles

—

i.e.

cells or cell-aggregates which occur within the lumen of the vessels,—as ingrowths from

outside the blood-vessel, Vejdovsky holds that these are special developments of the

cells of the entodermal lining membrane.^

Vejdovsky's work, being entirely histological, has not so many points of contact

with mine as has Lang's ; nevertheless, a reference to it was unavoidable, and will be

equally incumbent in the future on any writer who considers the origin of the vascular

system. It will suffice here to draw attention to a few points of fundamental importance

with regard to which the views set forth in the present paper are in harmony with

those expressed or implied by Vejdovsky. These are— (1) the origin of the vascular

system as a space or system of spaces at the base of the layer of intestinal epithelium

(not necessarily within that layer)
; (2) the consequent importance of the recognition

of the perienteric plexus as the primitive constituent of the vascular system
; (3) the

derivation of the musculature of at least the chief vessels from the muscular coats of

the alimentary canal.

A paper by Freudweiler (18), who had not then seen Vejdovsky's first contribution,

immediately succeeded the appearance of the latter ; the histological results of the

authoress are opposed to those of Vejdovsky. Vejdovsky upholds his former conclusions

in a second contribution (56) ; still more recently Sterling (52) also disagrees with

Vejdovsky's results. But since my work is purely from the side of physiology and

comparative anatomy, it does not fall within my province to discuss this aspect of the

matter further.

IL INTESTINAL RESPIRATION IN POLYCHiETA.

1. Historical.

In dealing with intestinal respiration in the Oligochaeta, it was possible to compress

into a very small space all previous references to the subject. In the Polychseta, on

the other hand, intestinal respiration, or, to speak more broadly, respiration through

the alimentary wall, is a well-recognised phenomenon ; and it may therefore serve a

useful purpose if, before detailing my own observations, I devote a separate section to

a summary account of previous contributions.

Three modes are known in which respiration may take place through the lining

of the alimentary canal

—

(l) by the introduction of water or air through the mouth;

(2) by the introduction of water through the anus into and along a ventral groove in

* Vejdovsky's view with regard to tlie blood-corpuscles would be more exactly expressed by saying that lie considers

them to be descended from isolated entodermal mesenchyme cells, while other similar mesenchyme cells gave rise to

the cells of the lining membrane. The blood-corpuscles would thus be descended from the same source as the lining

cells, but not from those cells themselves {loc. cit., p. 162).
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the intestine
; (3) respiration through the general intestinal epithelium, in the way

described for the aquatic Oligochseta.

(l) Respiration hy means of the anterior 'part of the alimentary tract [especially

by oesophageal diverticula).

QuATREFAGES (37) stated so long ago as 1850 that in certain species of Polychseta

the digestive tube appears to aid the skin in carrying out the function of respiration.

A small Syllid was seen frequently to swallow large gulps of water, which it subsequently

returned by the mouth a little at a time ; and the same, but in a less pronounced

degree, was seen to happen in Dujardinia. On one occasion the intestine of a living

specimen of Hesione pantherina was observed to be partly distended with gas, which

was from time to time expelled either by the mouth or by the anus. The same author

subsequently (38, p. 70, vol. i.
; p. 92, vol. ii.) refers again to his previous observations,

and adds that the quantity of air in the intestine of the Hesione was such as to cause

the animal to float ; he considers it probable that the introduction of air into the

alimentary canal was an act voluntarily performed for the purpose of respiration.

EisiG (16) refers to this observation of Quatrefages on H. pantherina, and to the

fact that Claparede had found bubbles of gas in the alimentary canal of H. sicula.

Specimens of this latter on being killed often expel bubbles of gas from mouth or anus

;

the species is, moreover, often found floating at the surface, the body swollen owing to

the distension of two air-containing diverticula of the alimentary canal. These gas-

bladders open into the stomach (the region of the alimentary canal between pharynx

and intestine), and extend forwards along the sides of the pharynx ; they are very

extensible, and are contractile both spontaneously and in response to stimuli. The

intestine of this species is also capable of energetic contractions ; the application of any

stimulus is followed by a more or less extensive peristalsis, which, if the intestine is

filled with gas, may force this gas with great force into the bladders or into the

oesophagus. The bladders are not vascular in H. sicula, but in Tyrrhena claparedii,

a related form, they are vascularised in a manner similar to the intestine.

Similar vesicles, the T-shaped glands of other authors, are found in the Syllids.

In Syllis aurantiaca they are hammer- or T-shaped, and distensible ; whether they are

vascular or not is not stated. The greater number of Syllids have only slightly

developed or no air-bladders.

Discussing the physiological value of these structures, Eisig states that neither

food nor secreted matters are ever found in them, but only a varying amount of clear

fluid, or gas, both of which can be pressed out of the stomach into the bladders, or

vice versd. The fluid is sea-water, and its purpose is respiratory. Though long and

carefully watched, the animals were never seen to take in air ; hence the gas must be

secreted by the animal, probably in the intestine ; and it is probably oxygen, which

becomes mixed with carbon dioxide and nitrogen through the respiratory processes.

A parallel is drawn with the swim-bladders of fishes.

The swim-bladders of Annelids are therefore to be considered as appendages of the
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aliraentaiy canal, whose chief function is to store up the oxygen secreted by the

intestine, in order that it may be used at need, alone or mixed with sea-water, for

vicarious respiration. They are, however, of necessity also hydrostatic.

In the Syllids, the bladders are best developed in what are apparently the more

primitive forms ; in the more modern genera they seem to be disappearing, perhaps

because their respiratory function is being replaced by that of the general surface of

the body. The peculiar appendages of the alimentary canal in Nereis are probably

homologous. Finally Phyllodoce, though possessing no bladders, may be observed at

times to have a large quantity of gas in its intestine. It is to be noted that Hesionids,

Syllids, Phyllodocids, and Nereids have no gills.

In conclusion, " alimentary respiration constitutes a function which belongs in

greater or less degree to the whole group of Annelids, and indeed represents, along

with cutaneous respiration, the most primitive form of respiratory activity. We may
accordingly suppose that, as a preponderating cutaneous respiration has led to the

development of external appendages in the form of gills, so a preponderating alimentary

respiration has led to the development of bladders."

Observations on the respiratory vesicles of Syllids were subsequently published by

DE St Joseph (14), who controverts some of Eisig's conclusions. This investigator also

often saw Syllids swallow both air and water (this is definitely stated for Syllis

alternosetosa and *S. prolifera) ; other specimens were seen whose intestine contained

both air and water at the time of examination ; and in others again air was seen to be

expelled by mouth or anus. These observations were made in many cases on forms

which have no "air-bladders"; hence the ingestion of air and water does not depend

on the presence of these organs.

The bladders are not "swim-bladders" {i.e. are not hydrostatic in function), since

when expanded they are filled with water, never with air. The hydrostatic function

is performed by the intestine ; thus the Syllids which were oftenest observed floating

(species of Trypanosyllis and Eurysyllis) have no bladders, but show constrictions of

the intestine, with intervening pockets in which the air is contained. The author

considers the true seat of production and reservoir of the gas to be the intestine, which

extracts the air from the sea-water as EisiG thinks (Eisig's idea is, however, rather that

of a definite secretion of the gas by the intestinal epithelium), or into which the air

penetrates directly, by the mouth.

In a subsequent instalment of the paper (15) similar observations on other families

are described. Leptonereis vaillanti (Lycoridse) sometimes puts forth its proboscis in

order to take in air and water, which are received into two extensible respiratory

appendages of the stomach. The Phyllodocids also aspirate air and water through

their extended proboscis. In Magalia perarmata (Hesionidse) there are no swim-

bladders
; the distensible ventriculus and the intestine, however, may contain air and

water introduced through the proboscis. Oxydromus propinquus often projects its

proboscis, swallowing air, water, and small particles within its range ; these are then
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forced into the ventricle, and this contracting in its turn passes the air and water into

the intestine, whence they are expelled either through the proboscis or anus. The same

was observed in Kefersteinia cirrata.

Malaquin (30), like de St Joseph, never saw the ventricular caeca of Syllids distended

with air, not even when the animals were taken floating ; accordingly he too denies

Eisig's conclusion that they can function as hydrostatic organs. He describes the

sucking action of the proventriculus (the cylindrical portion of the alimentary canal

in front of the ventricular cseca) ; this is peristaltic in nature, a progressive diastole

from front to back being followed by a progressive systole. The animal frequently

rejects the water which it has taken in in too large quantity by similar series of

contractions executed in the reverse direction.

The cseca cannot be considered as special glands, since the epithelium, though

secretory, has the same structure as that of the anterior intestine ; their secretory

function is thus identical with that of this portion of the alimentary tube, and in no

way peculiar. As has been seen, they are not swim-bladders ; they must therefore he

considered as reservoirs to contain the surplus water taken in by the mouth ; when

they are absent, the anterior portion of the intestine serves this purpose.

Respiration is thus not solely cutaneous ; the swallowed water is an indication of

the respiratory importance of the intestinal epithelium. This, however, must not be

exaggerated ; the ventricular caeca, when they exist, being reservoirs of water, may play

a more important part than the intestine in the discharge of the respiratory function.

ScHAEPPi (41), after noting that Ophelia radiata has no gills in the anterior part of

its body, describes the whole anterior portion of the gut—the oesophagus and especially

the stomach—as being characterised by an extremely rich folding ; the gut sinus

extends into these folds. " Now it is known that especially in mud-dwelling worms

alimentary respiration is an essential complement to cutaneous and branchial (or

specialised cutaneous) respiration ; and I am convinced that this factor is not to be

neglected in Ophelia, where over a large region the lumen of the gut is reduced by this

folding to a labyrinth of narrow clefts." He concludes that the blood is oxidised in

these folds ; the oxidation process, which is carried out in the hinder region of the

body by gills, is thus effected in the anterior by the gut. Since nothing is said about

the mode of introduction of respiratory water into the oesophagus and stomach, it would

seem that Schaeppi conceives it as entering at the mouth.

Salensky (40) describes the pharyngeal sacs of Polydora (Spionid) as five symmetrical

evaginations of the wall of the alimentary canal, resembling in their manner of formation

the gill-pouches of Enteropneusta and Chordata, with which they are probably

homologous. These pouches are found also in Saccocirrus and Polygordius. It is not

stated that they are homologous with the T-shaped glands of Syllids ; and nothing is

said regarding their physiological value.

BouNHiOL (5, 6, 7) is acquainted with the respiratory function of the anterior part

of the alimentary canal in Syllids ; his papers are mainly concerned with quantitative
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determinations of oxygen and carbon dioxide, and so do not directly touch the present

subject.

(2) Refipiration by the introduction of water at the anus into a ventral groove of

the intestine, or into a ventral groove and accessory intestine.

The chief source of our knowledge of this phenomenon is Eisig's work on the

Capitellids (17).

In Notomastus, a worm about four or five inches long, a ventral ciliated groove

begins at the anus, and extends forwards for a distance of two centimeters ; here an

accessory intestine (Nebendarm), which may be regarded as the forward continuation

of the groove, separates from the gut, which it accompanies on its ventral side as far

as the posterior end of the oesophagus, where it again joins the alimentary tube.

This accessory channel lies close to, or at some distance from, the intestine ; in the

latter case it is connected with the intestine by a sheet of peritoneum. It has the

same structure as the intestine ; it contains no food, but may be filled with structureless

matter cast off by the lining cells ; its epithelium is furnished with minute cilia, which

are recognisable only with difficulty. The groove in the posterior part of the intestine

is provided with long cilia, which work in an ascending direction—an arrangement

probably serving to introduce into the accessory gut water which enters the intestine

at the anus. The animal possesses gills ; intestinal respiration is therefore not of such

importance here as in Capitella, which has none.

Dasyhranchus is similar ; so also is Mastohranchus , in which the accessory gut

keeps close to the intestine. In Heteromastus the connection is still closer ; here the

cavity of the accessory gut often bursts through into the intestine, and sections may

thus show the " Nebendarm " merely as a groove of the intestinal wall.

In Capitella the intestinal groove is well marked, and extends through one-third of

the body length ; its epithelium is high and markedly ciliated. The accessory gut lies

close to the intestine, and here also often appears, through the solution of the separating

layer, as a ventral groove of the intestine. It is continued forwards by an oesophageal

groove, lined by a low epithelium, which is ciliated either only very faintly or not at

all. In this animal the hinder portion of the intestine frequently contracts rhythmically,

or in a " pumping " fashion. The ciliary current can often, especially in young animals,

be followed upwards as far as the region of the "Nebendarm." Capitella may some-

times be seen to wave the hinder end of its body about in the water, like certain aquatic

Oligochseta ; it has no gills, and so depends entirely on cutaneous and intestinal

respiration.

Generally in this family the accessory gut has a diameter about one-fifth that of

the intestine, with which it corresponds in structure. It never contains food ; but it

may, like the intestine, be filled with a spongy mass which has been cast off by the

epithelial cells.

The question of the comparative anatomy and homologies of the accessory gut, dis-

cussed at some length by Eisig, lies rather apart from our present subject. We may briefly
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note his reference to the fact that Spengel found in Oligognathus and other Eunicidse a

tube which apparently ends blindly behind, and anteriorly opens further forwards than

the "Nebendarm" of Capitellids, at the anterior end of the jaw-sac; it differs also in

havino- no muscularis. In larval Eunicidse Kleinenberg found both anterior and

posterior openings into the gut. In general, the accessory gut appears to be a separated

neural intestinal groove ; the separation may be more or less complete, various stages

being exemplified in the various genera of the Capitellidse. Its occurrence in two

families so widely separated as the Eunicidse and Capitellidae shows that it is an

essential feature of Annelid organisation {dass in ihm ein dem Annelidentypus in-

harentes Organ vorliegt), a view to which we are forced also by the recognition of

homologues of the " Nebendarm " in other groups ; as such may be mentioned the noto-

chord (Ehlers), the accessory intestine of Gephyrea, and the similar structure in

Echinoderms (Eisig).

On the subject of intestinal respiration in general, PjIsig repeats his former views

[vide supra). In a large number of Annelids the chief part of the respiratory function is

performed by the intestinal wall, and this is especially the case in those forms which

are without specific respiratory organs. In such there may actually be a collection of

gas (oxygen) in the intestine ; and in some, even special reservoirs (so-called swim-

bladder-like organs) may be formed to contain it. In many Annelids, again, the

separation of the nutritive and respiratory activities of the gut has been secured by the

provision of a deep groove, with an ascending ciliary current, in the posterior portion

of the intestine ; this groove may extend along the whole of the intestine, or may be

separated from the main channel as a " Nebendarm." Hence the latter arrangement is

to be considered as a means of bringing water destined for respiratory use to the

oesophagus without interfering with digestion and absorption ; and this is especially to

be seen in the gill-less Capitella, where there is also an oesophageal groove. No other

function has been assigned to the accessory gut of Annelids and Gephyrea ; Agassiz,

however (without adducing any evidence), supposed that of Echinoderms to be excretory,

though Perkier, probably rightly, considers it to be respiratory.

Lastly, Eisig, rejecting the division of the Chsetopoda into Polychseta and Oligochseta,

considers the Capitellids as closely related to Oligocha'te forms, and endeavours to

explain the absence of the accessory gut in Oligochseta. In the terrestrial Oligochaeta

its absence is of course comprehensible. As to aquatic forms ;—if it were to be

shown that these represented the more primitive Oligochseta, it would be difficult

to understand why they, so closely related to the Capitellidse, have dispensed with

a " Nebendarm " ; especially as they have to rely (except Alma nilotica) entirely

on cutaneous and intestinal respiration. But marine Oligochseta are descended

from terrestrial forms ; and it is possible that the same applies to the freshwater

Oligochseta too.

In Eisig's account of the physiology of the accessory gut, and in his theoretical

conclusions presented, though in a much compressed form, above, there are many points
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on which it would be interesting to dwell. Since, however, the purpose of this section

is historical, I must content myself with the following remarks.

In viewing the accessory gut as a means of bringing respiratory water to the

oesophagus, Eisig, influenced probably by his previous work on the T-shaped glands of

Syllids, apparently considers the anterior part of the alimentary tract of Polychseta as

that in which the respiratory function, when it exists, is specially and necessarily

localised. But there is no necessity for respiratory water to reach the oesophagus in

order to be of use ; the posterior portion of the gut is throughout the Chsetopoda far

more generally respiratory than the anterior. The fact is, that one or two cases where

the function of respiration is discharged by the anterior part of the alimentary tube

have attracted special attention, while the much more widely distributed respiratory

activity of the hinder intestine has received comparatively little notice.

One might, I think, ask for more evidence that this respiratory water reaches the

oesophagus ; the current in the intestine was followed, under favourable circumstances,

as far as the posterior end of the accessory gut, but I have not found any mention of a

current within the " Nebendarm," the cilia of which are minute and with difficulty

recognisable, and which, moreover, may be blocked by a structureless mass. Indeed,

the respiratory value of the " Nebendarm " at the present day, whatever may have been

its original use, would almost seem to be doubtful.

Eisig's last point is that the "Nebendarm" has disappeared in the Oligochseta

because this group was originally terrestrial ; the present aquatic Oligochseta, that is,

are aquatic secondarily, and have no accessory gut because their terrestrial ancestors

lost it. That marine Oligochseta are always descended from terrestrial forms, as Eisig

states, is certainly not in all cases true ; Clitellio arenarius, one of the best examples

of a marine Oligochsete, can hardly be anything else than an originally freshwater

Tubificid which has become habituated to a new environment. Moreover, alimentary

respiration, by the introduction of water at the anus (though without an accessory gut),

is in fact present in most aquatic Oligochseta ; if the aquatic Oligochseta were in general

descended from terrestrial forms, this respiratory activity of the intestine would have

been lost, in the same way as Eisig supposes the accessory intestine to have been lost.

The absence of the accessory intestine in the majority of Chsetopoda needs no special

explanation. The only thing that need be said is that it has never been present. We
may agree that the possession of intestinal respiration is a primitive feature ; we must,

however, recognise that an accessory intestine is not a primitive character at all, but

one of high specialisation. The aquatic Oligochseta, and a large number of Polychseta,

show the less specialised condition, diffuse respiration by means of the whole circuit of

the intestinal wall ; some forms show a degree of specialisation, in possessing a more

markedly ciliated ventral intestinal groove, along which the introduced water passes

upwards ; and further progress may result in the separation of an accessory gut.

The foregoing account of Eisig's work almost exhausts the literature which falls to

be referred to under this head. Gamble and Ashworth (20, 20a) find that there is in
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Arenicola a ventral groove running the whole length of the intestine ; this is probably,

according to the authors, the morphological equivalent of the siphon of Capitellids, but

they see no reason to regard it or any other part of the alimentary canal as respiratory

in function ; the cilia work towards the anus. Cerruti (12) has found in Microspio

mecznikowianus a ventral groove in the intestine, which he regards as the equivalent

of the accessory gut of other Annelids ; the ciliary current in the posterior portion of

the intestine is directed forwards, and the water thus introduced appears to serve a

respiratory purpose.

(3) Respiration through the general internal surface of the intestine, hy means of

the introduction of water at the anus, hut ivithoat specially differentiated mechanism.

Detailed observations on this mode of respiration in Polychseta, as in Oligochseta,

are almost wanting. I have, however, met with a number of isolated statements,

couched usually in general terms, which show that the phenomenon is generally recog-

nised, even though the extent of its occurrence has not yet been investigated.

Thus QuATREFAGES (38), referring to his observations on the swallowing of air and

water by Syllids and Hesionids [cf ante), introduces the subject by saying :
" The

digestive tube either in its entirety or in some portion of its extent also appears to me

to be able to take an active part in respiration." It is possible that he may have had

in mind a general activity of the intestinal wall in the manner above specified, though

he makes no further mention of it.

EisiG (17, c/! supra) speaks of diffuse alimentary and cutaneous respiration as being

the primitive form. I have not, however, found any recognition of the fact that this

diffuse alimentary respiration is still widely existent in present-day forms ; and in his

earlier paper (16), speaking of " an animal which normally respires by means of a stream

of water driven through its alimentary canal," the stream is evidently conceived as

entering at the mouth.

Malaquin (30), though furnishing a detailed account of the intestine of Syllids,

makes no mention of its respiratory function. He notes that the posterior part of the

intestine is more transparent than the anterior portion, and is ordinarily yellow ; the

epithelium here is not secretory, and is always strongly ciliated (in his fig. 35, PI. viii.,

the cilia are shown directed posteriorly, and are presumably meant to be working

towards the anus). He mentions that Claparisde had previously observed refractile

concretions in this part of the intestinal wall, and had hence, supposing it to be

excretory, called it the "urinary portion" of the tract. The results of keeping the

animals in water containing carmine and fuchsin are given :
" The only part of the

digestive tube to be distinctly coloured is the posterior intestine ; here are situated the

youngest cells, i.e. those most favourably constituted for the manifestation of osmotic

phenomena. The posterior intestine seems thus to be the principal seat of absorption

of matters elaborated by the anterior and middle portions of the tube. It also seems

to be an organ for the arrest of non-assimilable products ; which explains the presence

of the numerous urinary concretions found in the two lateral grooves of its wall." It

r
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is strange tliat Malaquin does not mention the ascending ciliary current in the posterior

part of the intestine of many of these forms ; and that he does not consider the

possibility that the colouring matter of his experiments, which was deposited in the

wall of the posterior intestine, might have been directly introduced at the anus.

Lang (29) mentions that Steen observed antiperistaltic contractions of the intestine

in Terebellides stroemii, and Wiren similarly in a number of families of Polychseta.

Goodrich (22) is acquainted with the postero-anterior action of the intestinal cilia

in Syllids.

I may add two references to general zoological treatises. Gegenbaur (21) says:

" The hindgut of many Annelids may be seen to take in water, and this may be con-

nected with a respiratory function of this division of the intestine." Similarly, Benham

(4) :
" Many Chjetopods take in water by the anus—no doubt for respiratory purposes

—and pass it forwards along the intestine."

2. Observations on Polychseta.

Though the third of the modes of respiration specified in the foregoing section is

much the commonest and most widely distributed in the Polychseta, it is the one which

has hitherto, as may be seen from the historical account, received the smallest amount

of attention, at least in print. Students of the group are probably, indeed are almost

necessarily, familiar with it ; but the details of the process, and its actual distribution,

have received no extended treatment.

The following observations deal for the most part with this mode of respiration,

—

with respiration through the general internal surface of the intestine, by means of the

introduction of water at the anus, but without specially differentiated mechanism. It

may, however, be noted here that the mode of alimentary respiration which occurs in

Aphrodite aculeata is not strictly to be included under any of the three headings

previously enumerated ; in this animal the respiratory water, though expelled from the

anus, is not taken in there, but at the mouth, and passes as a regular and voluminous

current through the whole of the alimentary tract. I have also included some observa-

tions on the phenomena to be seen in the posterior portion of the intestine of Capitella

capitata, though I have nothing to add concerning the " Nebendarm."

The observations here recorded are distributed over the majority of the families of

Polychseta. They could, of course, be extended, and it was ray object so to extend them

as to include representatives of at least all the more accessible British families ; but an

unfortunate attack of illness cut short my time at Plymouth, and so prevented me from

carrying out my plan in full.

Syllids.

Trypanosyllis zebra.

In a specimen which was undergoing asexual division, ciliary action in an ascending

direction, so violent as to be seen with a small dissecting microscope, was observed in
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the last ten segments ; it very possibly existed higher up in the alimentary canal also,

but this could not be definitely ascertained, owing to the presence of opaque genital

products in this region ; it was, however, present, and very violent, in the hinder part

of the anterior of the two animals in course of separation.

An experiment with carmine particles was not successful ; the animals seemed to

try to get away from the carmine, as if the particles irritated them.

No antiperistaltic contractions of the intestine were observed.

Odontosyllis ctenostoma.

When the anus was open, the ascending ciliary motion was actively present at the

anus, feebler a few segments higher up the intestine ; it died away in one specimen at

the tenth segment above the anus ; in another it was visible for eleven segments, and

was then obscured by masses of f«cal matter in the intestine.

When the anus was closed, the ciliary action ceased near the anus, but was still

faintly visible higher up.

Antiperistaltic contractions of the gut were not observed.

Eusyllis tuhifex.

Reversed ciliary action was proceeding actively and could be observed with ease iu

the last nine segments ; above this level the intestine was too opaque to allow of its

being observed, but from the fact that the action was still proceeding strongly at the

point where it ceased to be visible, it may be concluded that it extended some distance

further up.

The intestine was seen to contract from time to time, though infrequently and

irregularly ; and whenever the intestine contracted, the dorsal vessel was also seen to

contract. The impression given was that both structures possessed independent con-

tractility, though, as said, the contractions of both were always simultaneous.

Genus Autohjtus.

In a specimen of Autolytus pictus, in which the anus was almost closed and the

lumen of the hinder part of the intestine considerably contracted, ascending cihary

action was observed in the last few segments ; but this was only momentary, since the

anus was quickly closed and the lumen of the hinder part of the gut occluded. In

another specimen the phenomenon was not observed at all.

In a species of this genus which was perhaps A. prolifer, the anus was closed during

the time the animal was under observation ; ascending ciliary action was seen in the

eighth, ninth, tenth, and eleventh segments in front of the anus, perhaps most

markedly in the ninth and tenth, though it could not be called obvious anywhere.
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No antiperistalsis was observed. The dorsal vessel was, however, contracting ; its

contractions are thus quite independent of those of the gut (if these latter

ever occur).

In another species of the genus, of which several specimens were examined, the

conditions varied. In two specimens ascending ciliary action was absent ; in a third

there was no ciliary movement near the anus, which was closed, but some distance up

the alimentary canal an obscure ascending ciliary action was visible. There was no

antiperistalsis in any of the specimens ; in one the dorsal vessel was seen to be con-

tracting regularly ; so that here also the vascular contractions are quite independent

of any contractions of the intestine.

In another species, probably belonging to this genus, the ascending ciliary movement

was observed at the hinder end of the last animal of a chain. No antiperistaltic waves

were seen ; contractions of the dorsal vessel were however going on rapidly and at

regular short intervals (once every four seconds). Another specimen of the same

species showed neither ciliary movement nor antiperistalsis ; it is therefore not to

be concluded that reversed ciliary action does not occur in a species because it does

not happen to be observed in a particular specimen.

Other Syllids.

k. number of other Syllids were examined, but not specifically identified. As repre-

sentative of these observations the following may be recorded.

In a Syllid with well-developed ventricular cseca and well-marked sucking action of

the pharynx, ascending ciliary action in the intestine was not visible at first, but could

be distinguished later ; it could be made out in nearly all the hinder transparent

segments of the intestine, though the anus was kept closed during the whole observation.

Antiperistaltic contractions of the gut were also taking place,—at first in the hindmost

fourteen segments, but later much further forwards also ; these contractions were quite

irregular in rhythm ; each wave extended usually over only a few segments, though

sometimes over a larger number,—as many as eight ; sometimes a contractile wave

would begin at the posterior end of the animal, sometimes a few segments in front

of this, sometimes further forwards. These contractions of the gut were sufficient to

constrict the lumen very considerably ; and they and the contractions of the dorsal

vessel were quite independent.

In other species also some degree of ascending ciliary motion was observed in the

last segment, or last two segments, of the intestine.

The above are all cases in which ascending ciliary motion, with or without ascending

peristaltic contractions, was observed in the intestine. In many Syllids, however, these

phenomena do not occur, or at least did not occur during the time the specimens were

under examination. This was the case in Syllis gracilis, as well as in a number of

animals which were not specifically identified.
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Hesionid^.

Castalia punctata.

A considerable number of specimens were examined. It may be noted that the

intestine is, considering the small size of these animals, remarkably opaque ; and in

most specimens it is only in a few segments at the posterior end that the intestinal

canal is sutHciently transparent to allow ciliary motion, if present within it, to be dis-

tinguished. Nevertheless the appearances are often striking.

In specimens examined under a coverslip, the anus is often seen to be closed ; the

posterior part of the intestine may also be contracted, and its lumen obliterated ; and

in such cases ciliary action is of course absent. During the examination, however, the

anus may be seen suddenly to open, and the intestine to dilate ; a violent ascending

ciliary action then becomes visible in the hinder intestine, beginning at the anus and

extending upwards till obscured by the opacity of the intestinal wall.

In some cases the anus may be open, and the ascending ciliary action may be

observed, throughout the examination ; while in others the anus may be closed and

ciliary action absent. Sometimes even with the anus closed, ascending ciliary action

may be seen within the intestine in one or two segments at its hinder end. In one

case the ciliary action was downwards, towards the anus, in the last four segments,

while above this it was in the reverse direction for the small distance—about two

segments—which intervened before the intestine became too opaque to allow of

observation.

The above paragraphs recapitulate observations made at Plymouth. In a number

of Hesionids examined at Millport, which were probably also specimens of Castalia

punctata, exactly similar phenomena were observed ;—violent reversed ciliary action

with open anus, visible as far as the intestinal wall was transparent ; a fainter ciliary

motion, near the anus only, when the anus was closed. Small particles were seen to be

drawn to the anus and taken into the intestine. In each of two specimens examined,

a string of yellowish mucus was seen to be passed out without interruption of the ciliary

action ; in one case part of this string was drawn in again, apparently through its

getting towards the side of the anal aperture and so coming within the action of the

ciliary current {cf. ante, p. 744).

Antiperistaltic contractions of the intestine are also to be observed, but are very

variable. They may be absent altogether ; or a few irregular antiperistaltic waves, of

moderate amplitude, may be seen beginning at the anus or sometimes further forwards

;

these pass over a few segments and then cease. In one specimen antiperistalsis was

observed to occur throughout the greater part of the leiigth of the body ; the contrac-

tions were, however, irregular and intermittent, and afterwards subsided altogether.

In no case was any connection observed between the antiperistaltic waves of the

intestine and the contractions of the dorsal vessel,
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Aphroditid^.

Aphrodite aculeata.

Three specimens, which had been in captivity for a week, were used for the following

series of observations and experiments. They were examined in an oblong glass dish

containing a quantity of sand, in which they half buried themselves.

The hinder end of the animals is, when they are quiescent, turned up, or even some-

what recurved over the body ; the margins of the flat and sole-like ventral surface are

approximated to each other some little distance from the (morphological) posterior end

of the animal, so that the appearance of a spindle-shaped aperture is produced, whose

sides are formed by the hindmost portions of the margins of the ventral surface with

the neighbouring setse. Owing to the hinder end of the animal being bent upwards as

above described, this apparent aperture faces upwards and backwards, and its actual

upper or anterior end is the morphological posterior end of the body. The appearance

is characteristic, but I cannot find that it has any functional importance, and I have

described it only because the spindle-shaped gap might, on a cursory examination, be

mistaken for the anus. The anus is, when closed, an inconspicuous crescentic slit,

concave backwards, on the dorsal surface just in front of the posterior end of

the animal.

If, now, one of these animals be closely watched, the following succession of events

will probably be found to occur. From time to time the approximated margins of the

posterior portion of the ventral surface, which together have the spindle-shaped outline

described above, diverge ; the hinder end of the animal is in some degree depressed, as

when a dog with an erect tail puts it down ; the anus opens, and appears for about the

length of two seconds as a conspicuous circular aperture, now looking upwards ; the

anus then closes again, the tail is erected, and the posterior end of the ventral surface

resumes the appearance of a spindle-shaped slit.

During the time when the arius is open, a jet of water is being expelled. This may

be shown in several ways. Thus if the surface of the water in the dish be carefully

watched, it will show a fountain- or jet-like elevation immediately above the anus at

the moment when the anus is open. Behind one of the specimens, in which the

posterior end was quite flat and not erected, and in which therefore the anus when open

faced backwards, a little heap of sand was placed during the interval between two ex-

pulsions ; this heap was blown away by the next jet expelled from the anus. Or

carmine particles suspended m the water may be used to demonstrate the current.

Both the quantity of water expelled and the force with which it escapes are obviously

considerable : even when the animal is in water of some depth, a jet is raised on the

surface at the moment of expulsion.

The hinder end of the animal is not always erected ; when the animal is crawling

about it may be quite flat. The object of erection is probably to keep the anus above
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the level of the sand, in which the specimens partially embed themselves when they

are free to do so.

The appearances above described may be seen to occur both when the animals are

at rest and when they are moving. They may be absent after a long period of

quiescence,—for example, in the morning, when the specimens have probably been

motionless for some time ; in this case the animals seem to need wakening up before

the phenomena can be manifested ; after the animals have been handled and made to

crawl about, the expulsion of water begins in the way described.

The interval between successive jets of a series is very fairly regular in the same

animal, but it varies in different animals, or at different times in the same animal ; in

four observations it was 22, 13, 13, and 18 seconds.

The question remains to be answered, Where is this water taken in ? It seems most

natural, having in view the phenomena of intestinal respiration in other Annelids, to

suppose that it enters at the anus in the intervals between the jets. This however is

not the case. During the intervals the anus is closed ; and even granting that a

minute quantity of water might possibly be introduced between the lips of the anus by

means of ciliary action, this would be very far from furnishing, in the few secouds

available, the considerable amount ejected.

The next possibility is that the water is both sucked in and ejected during the time

the anus is open,—first rapidly sucked in, then immediately expelled. The jet on the

surface, however, makes its appearance directly the anus opens ; in the experiment

where a wall of sand was built up behind the animal, the sand was blown away quite

at the beginning of the open period ; and observation, even under a lens, with carmine

particles in the water, fails to detect any inhalant currents at the anus at any period

of the cycle.

It would seem, therefore, that since the water is not introduced at the anus, it must

enter by the mouth. The following experiment was next performed :—A specimen was

left for half an hour in water containing carmine in suspension ; it was then taken out

and washed, and put into a white dish with clean water ; it was now observed that the

water ejected from the anus was carmine-tinted. After about six jets, when things

began to be a little obscured, the contents of the dish were replaced by clean water ; it

was then easy to see that the fluid expelled from the anus was still coloured. The

water in the dish was again renewed after another five jets, again after five more, and

again after about six more jets, the ejected water being tinted throughout. Finally,

after about six further jets had been expelled, the animal was once more placed in clean

water, and observation against the white background showed that the ejected fluid was

still slightly coloured. A considerable amount of water containing carmine must

therefore have been present in the alimentary canal when the specimen was first placed

in the clean water ; and the double series of intestinal caeca in this species at once

suggest themselves as its probable receptacle.

If, now, an animal, while regularly expelling water from its anus, be placed in a
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shallow dish and only partly covered with water, so that, while the anus is immersed,

the back projects above the surface, it can be seen, by carefully inspecting the dorsal

surface, that each expulsion of water is accompanied by a depression of the middle of

the animal's back, in the middle third or in the third quarter of the body, reckoning

from the front. In the intervals this region slowly arches itself and becomes slightly

convex, to become fiat or slightly concave again at the expulsion of the next jet. The

mechanism of expulsion would seem to be the contraction of the muscles of the body-

wall, especially those of the dorsum.

Direct proof that the water is taken in at the mouth is furnished by the following

experiment :—The anterior part only of an animal, which previously was ejecting quite

colourless water from its anus, was immersed in carmine water for fifteen minutes.

It was then washed and put in clean water ; ten jets of carmine-tinted water were then

expelled from the anus. The water in the dish was then changed ; similarly after four

more jets, and again after four more. The tint of the expelled water was now growing

fainter, and after the water had been again replaced, and three more jets had occurred,

no colour was perceptible. Another similar experiment gave similar results.

Darboux (13), investigating the alimentary canal oi Aphrodite, found no solid food

in the intestinal diverticula ; Setti (44), however, found traces of solid matter. Later,

Jordan (26) agrees with Darboux that no solid food enters the diverticula. We may

therefore conclude, from these observations and those recorded above, that respiration

by means of the alimentary tract is a prominent feature in Aphrodite

aculeata ; it takes place in a peculiar manner, by the introduction of water in

considerable quantity at the mouth, and its passage through the alimentary

canal, from which it is ejected in jets by the anus. The intestinal caeca

probably act as reservoirs of the ingested water; and its expulsion is effected

principally by the muscles of the dorsal body-wall.

Other AphroditiddB.

A number of small Polynoids were examined microscopically, and experiments

with carmine in suspension were carried out on Halosydna gelatinosa, a larger

species, but the results were in all cases negative.

Phyllodocidse.

I have observed a large number of Phyllodocids, mostly small specimens suitable

for microscopic examination. In none, however, was any sign of ascending ciliary

action to be seen ; carmine experiments also gave negative results.

Antiperistalsis was observed on one occasion only, and then only slightly ; a few

feeble antiperistaltic contractions extended over two or three segments in the posterior

part of the body ; they were irregular in rhythm, and soon ceased.
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Nereids.

Nereis pelagica.

I examined at Millport a number of small specimens of Nereis, which belonged to

the common species of the place, and which appeared to correspond most closely to

N. pelagica.

Except in one instance, no reversed ciliary motion in the intestine was observed,

though the anus might be open. The exception was a headless specimen, possibly

though not certainly of the same species, in which a faint ascending ciliary action was

observed in the posterior part of the intestine, the anus being open.

On the other hand, antiperistalsis, though in a few it might for a time be in abeyance,

was noted in every specimen examined. The contractions may be regular and strong

;

in one case, with a rhythm of six per minute, the waves progressed slowly forwards,

taking about four seconds to traverse one segment ; during the first part of this observa

tion the contractions started not at the anus but at the seventh segment from the

posterior end ; later, however, a series of extremely active contractions began quite at

the hinder end of the animal. In the headless specimen mentioned above, antiperistalis

was regular, strong, and very evident ; the waves proceeded at the rate of eleven per

minute, and could be followed for thirty-two or more segments from the posterior end.

In other cases the contractions, beginning at the anus, may be well marked and regular,

but may be limited to a few segments only.

In some specimens antiperistalsis is less well marked. Though easily visible, it

may be gentle and discontinuous. In other cases the contractions may be slight or

hardly noticeable, irregular in rhythm and limited in extent, and may occur some

distance in front of the anus. In two specimens the movements were seen to cease

altogether for a time.

The relation of the contractions of the dorsal vessel to the antiperistaltic waves is

variable. Asa rule none exists. The antiperistalsis may be feeble, or irregular, while

the dorsal vessel is beating strongly and regularly. The contractions of the dorsal

vessel persist when antiperistalsis is temporarily in abeyance. Or though both series

of contractions may be proceeding regularly and strongly, they may be quite independent

of each other ; those of the dorsal vessel may be three times as frequent, and much

more rapid in their passage.

In one case, however, where the antiperistalsis began at the anus, and ceased as such

a few segments in front of this, it appeared to be continued forwards as a contraction

of the dorsal vessel ; the wave propagated itself forwards not along the intestinal walls,

but along those of the dorsal vessel, as happens regularly in j^olosoma and the

EnchytraiidjB [cf. Part I.). The connection between the two series of contractions,

intestinal and vascular, was maintained for periods of perhaps half a minute, and then

would be broken, to be resumed again shortly afterwards ; and so on. The rhythm of

the contractions was fairly rapid—about once in four seconds.
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Leptonereis vaillanti.

So far as 1 have observed, ascending ciliary movement does not occur in this

species.

In one specimen the anus was seen to open rhythmically at short intervals. Follow-

ing on each closure of the anus, after a very slight pause, an antiperistaltic wave began

at the anus and progressed up the intestine. The series ceased after a short time ; the

animal was under compression during the examination, in a small quantity of water.

In another specimen, only irregular contractions of the posterior part of the intestine

were observed. In a third, nothing was seen.

EUNICID^.

Ophryotrocha puerilis.

No ascending ciliary current was visible in the intestine. In one specimen very

large cilia were seen to be in violent motion around the anus, towards which their

action was directed.

Antiperistaltic contractions were seen to take place regularly in about the posterior

third of the body ; starting at the anus, they occurred every few seconds, passing

slowly forwards through eight or nine segments. The waves were of considerable

amplitude, the lumen of the canal being narrowed by the contraction to about one-third

its usual width. The contractions did not seem to occur when the animal was com-

pletely quiescent, but appeared to be started by any slight movements.

No connection was noted between intestinal and vascular contractions ; indeed,

contractions of the dorsal vessel were not observed.

Hyalinoecia tuhicola.

Neither phenomenon was observed ; this, however, is not conclusive, since the

specimens had to be chloretoned into quiescence before an examination could be under-

taken. Still the animals did not give one the idea that anything of the kind was to

be expected.

Aricitd^.

Examples of this family, probably belonging to the genus Scoloplos, were examined

at Millport. Reversed ciliary action was not observed.

Antiperistalsis was present in all the specimens examined. In the three specimens

observed it was most marked in, or even confined to, the middle segments of the body.

The vascular contractions, in each of the two cases where they were observed, were

independent of the antiperistalsis. Thus in the first specimen, where both series of

contractions were very well marked, the vascular series was about twice as frequent as

the intestinal, and the passage of the wave along the dorsal vessel was more rapid than

that of the antiperistaltic contraction along the gut.

TRANS. HOY. SOC. EDI.NT., VOL. XLIX. PART IIL (NO. 14). 109
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Spionid^.

The only observation that I have to record for this family refers to Nerine vulgaris.

Antiperistalsis was present ; but there was no relation between the contractions of the

dorsal vessel and those of the intestine.

CH/ETOPTERID^.

Chsetopterus variopedatus.

This animal is of some size, and the interior of the alimentary canal cannot be

observed with either a dissecting or an ordinary microscope ; hence the examination

presents a certain amount of difficulty. The following methods were adopted :

—

A specimen was placed on a glass plate and the posterior end covered with an

ordinary glass slide. The compression was sufficient to flatten the hinder part of the

animal fairly well ; and the very end of the alimentary canal was then transparent

enough to allow a violent ascending ciliary motion to be seen with the dissecting

microscope. Around and outside the anus, ciliary motion is obvious and violent, at

times apparently not acting in any definite direction, at others working towards the

alimentary canal.

Carmine in suspension was now run under the covering slide. This, or the pro-

longed experimentation, occasioned a considerable discharge of mucus, which caused

the carmine to aggregate into small flocculi. A slow current towards the end of the

intestine, beginning some little distance away, and gradually increasing in swiftness as

it approached the anus, was thus made visible. Some of the carmine accumulated in

small masses round the anus ; but the large majority of smaller particles were carried

with some violence into the intestine, while a few were possibly deflected and helped to

swell the flocculi near the margins of the orifice.

The specimen was now placed for 25 minutes in a dish containing water

with carmine in suspension, and afterwards again examined. A fair-sized flocculus of

carmine particles was now seen to be hanging out of the anus ; this had probably been

forced out of the intestine by the manipulations necessary in moving the animal. This

flocculus was slowly drawn into the intestine while the animal remained under observa-

tion. Fresh carmine added formed flocculi with the mucus excreted from the surface

of the body, and those flocculi which came in contact with the lobes round the anus

were slowly drawn over them and through the margins of the anus into the intestine.

Smaller particles were also drawn in, but notably the larger ones, and small flocculi,

as described.

The question suggested itself whether the mucus might not normally have the

function of entangling particles to be subsequently ingested by the anus. But it is

hardly likely that this is a principal object of its secretion, since it is formed over the

whole surface of the body.

No antiperistaltic contractions were observed.
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Opheliid^.

Ammotrypane aulogaster.

In this species it is improbable that any considerable amount of respiratory exchange

can take place through the integument ; the form is cylindrical, the body is not

segmented externally, the parapodia are obscure, and the surface is smooth and shiny

and resembles that of a Nematode with its thick cuticular investment. The dorsal

cirri function as gills ; but they are simple small finger-like inconspicuous processes.

The posterior end is peculiarly constituted. It is funnel-shaped, a deep conical

depression leading down to the anus ; the mouth of the funnel opens ventralwards.

Rathke (39) describes it as follows :

—
" Uer After stellt eine nach unten off"ene Schaufel

dar, deren Rand mit kurzen Cirri besetzt ist ; eine ahnliche Bildung kenne ich nur bei

Nais digitata, wo sich jedoch die Schaufel nach oben offnet." I may add that the

posterior margin of the funnel is more vascular than the rest, as evidenced by a red

blush which marks this region ; the hinder part of the intestine also, in contrast to the

rest of the canal, is distinguished by a deep-red blush.

The carmine experiment gave an interesting result. The funnel was facing upwards

during the observation ; into it the carmine particles were gently and equably drawn,

and then travelled forwards towards or into the intestine. Some particles travelled in

a posterior direction along the upper (in this position) surface of the animal's body for

a very considerable distance before doubling over the margin and entering the funnel.

The entering current was regular and definite, and some of the particles introduced

were of fair size.

The observation was conducted under the dissecting microscope, and the above

appearances were seen on focussing the upper strata of the anal region. On focussing

for a lower level, approximately the middle of the funnel, an equally definite and

regular return current was observed. At a deeper level again, particles of carmine came

into view which had sunk to rest on the lower wall of the funnel ; these were agitated

by ciliary action, but I did not note a regular entering current along the lower inner

surface of the funnel corresponding to that along the upper.

There can be no doubt that the entering current is caused by ciliary action ; but

the worms are of some size (two inches long), and opaque ; and higher powers than those

afi"orded by a dissecting microscope could not be used. Hence the only direct observa-

tion of the existence of cilia was that of the agitation of the carmine particles which had

sunk on to the lower part of the inner surface of the funnel.

Arenicolid^.

Arenicola ecaudata.

This species is too large and opaque for ordinary microscopical examination ; though

the observation of small specimens, and even of larger ones by compression between

glass plates, will reveal a certain amount of the organisation of the living animal.
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Ciliary motion in the intestine of course could not be made out.

The anus may be seen, in specimens under observation in a dish, to be periodically

held open, sometimes widely, then closed, opened again for a time, closed, and so on.

The animal may at the same time continue pushing its hinder end about, as if it were

using it to explore with.

In the middle part of the body, which is fairly transparent under pressure, a well-

marked antiperistalsis of the intestine was noted ; in a second specimen this manifested

itself as a continuous antiperistaltic ripple, which began gently about segment xviii.

and ended at about segment vi., behind the pharynx. Antiperistaltic contractions were

never observed in the hinder part of the intestine
;
possibly because most of the speci-

mens were quite opaque here, and so could not have manifested it in any case. Hence,

though the observer receives the impression that " mouthfuls " of water are being taken

in at the anus, the proof that any water is passed up the intestine by antiperistalsis is

wanting. The description may, however, be compared with what happens in Leptonereis

and Capitella (pp. 799 and 803).

The antiperistalsis is unconnected with the vascular contractions ; these are more

frequent, and pass along much more rapidly.

Flabelligerid^e.

Siphonostoma diplochaitos.

In the single specimen of this worm which I have had the opportunity of observing,

the anus was held open, but the lumen of the gut was contracted—it might be said to

be absent. It was therefore impossible to say whether an ascending ciliary action ever

occurred or not. There was no evidence of any ciliary movement outside the anus.

A perienteric sinus surrounds the intestine, and this, in the compressed animal, was

much wider than the proper alimentary tube within it."*

A well-marked antiperistalsis, regular, rapid, and frequent, began at the anus. The

lumen of the intestine being already constricted to the point of disappearance, this

could obviously not affect the diameter of the canal, and could subserve only the pro-

pulsion of the fluid in the sinus ; but presumably at other times the condition would

be that of the Enchytrseidse or of ^olosoma (cf. pp. 749, 751, 752), where alimentary

antiperistalsis and vascular contractions are one and the same thing. The anatomical

relations also correspond to those of the Enchytrseidse ; there is no dorsal vessel in the

intestinal region, but the ventral vessel extends to the hinder end of the body

Capitellid^.

Capitella capitata.

The anatomy and physiology of the accessory intestine have been described, in

accordance with Eisig's account, in the historical section. My observations do not

* FucHS (19), describing the vascular .system of this worm from a paper by Jaquet, speaks of lacunai in the

intestinal wall, but says that he is unable to make out from that author whether there is a perienteric sinus or not.
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touch on these points, but are concerned with the phenomena which lead one to infer a

general respiratory activity of the whole wall of the posterior portion of the intestine.

Specimens were found in large numbers at Millport, and a considerable number were

examined. It may be mentioned that the animals frequently progress with the posterior

end of the body jfirst.

The existence of a ventral ciliated groove in the hinder part of the intestine, posterior

to the accessory gut, has been mentioned previously. Ascending ciliary action is, how-

ever, by no means confined to this groove ; the whole circumference of the intestine in

its posterior part shows the same ciliary action. The anus is often opened widely for

a moment, and then closed ; or it may be held widely open for some time—perhaps

20 to 30 seconds,—and it is at such times that the ciliary action is specially obvious.

Whether it occurs in the middle region of the body or not cannot be seen, owing to the

opacity of the intestine under the microscope in this portion of its extent ; at the point

where it ceases to be visible it may be indefinite in direction. In the oesophageal groove

also {vide ante), ciliary action is well marked, but does not work in any definite direction.

Antiperistaltic contractions of the intestine are almost always visible. The waves

may be seen to extend, in a quiescent animal, from the anus to the anterior end of the

hinder section of the intestine, or some distance in front of this. In other cases they

are more restricted in extent. They may begin at the anus and extend forwards for

only a few segments, and their rhythm may be irregular. Or they may occur only in

the anterior segments of the intestine, just behind the thorax. Or they may occur in

the same animal, at various portions of the intestine ; or lastly, the contractions some-

times manifest themselves as merely ring-like constrictions of a segment of the gut,

which do not progress, but, remaining stationary, after a time relax again.

ClRRATULID^.

Cirratulus sp.

In specimens belonging to the genus Cirratulus observed at Millport, ciliary action

was seen around the anus, and particles of carmine in the neighbourhood were agitated

and apparently attracted ; some of the particles seemed to be taken into the gut. The

animals are however too opaque to allow the presence or absence of ciliary action in

the intestine to be determined.

An antiperistalsis of the same character as in Arenicola ecaudata was observed

;

and the anus was opened and closed in the same manner as has been described for that

species.

Terebellid^.

Polycirrus {? caliendrum).

Ascending ciliary action was seen in this species just within the anus.

A more interesting phenomenon, however, and it would seem a more eifective means
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of propelling water along the intestine, is the antiperistaltic action of the intestinal walls.

The contractile waves begin at the anus, and proceed upwards for a considerable distance

—about one-third of the length of the body. They are regular and strong ; their

amplitude may be illustrated by saying that in diastole the intestine almost fills the

body-cavity, while in the contracted condition it is reduced to a mere cord, the lumen

being occluded. In the middle third of the body also there are to be seen frequent

antiperistaltic waves which occlude the lumen of the canal ; they are not however

continuations of the posterior series, which do not get as far forwards as this.

The anus is opened fairly widely at intervals corresponding to those of the intestinal

contractions, and is regularly closed at the beginning of each antiperistaltic wave.

Thus there is a sort of gulping action ; the antiperistaltic contractions appear to pass

forwards the water which has been taken in at the open anus.

This action was illustrated by the behavioui- of a mass of fsecal matter, which while

being expelled was partly drawn in again. Carmine particles introduced near the anus

are rapidly aggregated into flocculi by mucus ; these flocculi were also sucked in at the

anus ; some were actively expelled shortly afterwards. A large mass of carmine was also

drawn in, and after ascending the intestine for a few segments was rapidly shot out

again. Another mass sailed in and immediately ascended about six segments up the

intestine. Minute particles were wafted in in numbers.

The carmine experiments do not prove that the matter—the solid matter, at any

rate,—which is taken in at the anus ascends the intestine for any great distance ; the

particles did not by any means reach the anterior limit of the antiperistaltic waves.

From the forcible way in which the larger particles were expelled, it seemed as if there

was an active rejection of such masses ; and it is possible that water containing only

substances in solution, or, at most, minute particles of solid matter, is propelled upwards

to a considerable distance. Such at least is the impression given by the gulping action

of the anus and the very strong and regular antiperistalsis of the intestine.

Genus Amphitrite.

In a species belonging to this genus examined at Millport there was no evidence of

reversed ciliary action in the intestine ; antiperistaltic contractions occur, similar to

those described above in Polycirrus.

In a young semi-transparent specimen, performing slow writhing movements in a

dish, the anus was seen to be periodically opened and somewhat everted, appearing

almost trumpet-shaped ; after a short time it was retracted and closed, and at the same

instant an antiperistaltic wave started from the anus and passed forwards for some

distance. The sequence of events gave the impression that a gulp of water had been

taken and was being passed along the intestine.

Carmine particles in suspension also enter the intestine, and may reach a distance

equal to a quarter of the length of the body from the anus.
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Genus Terehella.

A number of young specimens of T. nebulosa, found at Millport, were small enough

to be examined microscopically.

In the specimen in which the appearances were best marked, ciliary motion was not

seen within the intestine ; round the anus, however, it was obvious, and though it did

not seem to give rise to a current in any definite direction, some small particles appeared

to enter the anus, which was held open.

Antiperistaltic contractions began at the anus and extended the whole length of the

intestine ; they were slow and fairly ample. A perienteric sinus is present in the walls

of the gut, very narrow posteriorly, but wider in the anterior part of the intestine ; in

this latter region the lumen of the gut is not affected by the contractions of the

muscular coat, which thus act only on the fluid contained in the sinus ; in the posterior

region the contractions are not merely circulatory in their effect, since here they also

cause a narrowing of the lumen of the intestine.

T. lapidaria, examined at Plymouth, shows no definite evidence of any intake of

fluid ; a few carmine particles entered the anus, but their entry seemed to be a matter

of chance.

Ampharetid^.

Melinna sp.

A number of examples of a species of Melinna were observed at Plymouth.

iVscending ciliary action may be seen just within the anus ; the animals are too

opaque to allow of its being followed far, but it can be successfully demonstrated by

the carmine experiment. The anus is frequently held open ; and at such times carmine

particles may be seen slowly to approach the anus, and then rapidly to enter
;
particles

resting on the surface of the body near the posterior end may be seen to move back-

wards in a line, as if connected together by an invisible thread, and then to round the

hinder end of the animal and enter the anus, travelling along and clinging to the

surface all the way.

Antiperistaltic contractions of the intestine may also be observed in the posterior and

middle regions of the body. They may begin at the anus, or at a more anterior point.

In the specimens observed, which had been in the laboratory for over a week, they

were irregular in rhythm.

Sabellid^.

Genus Potamilla.

Examples of two small species of Potamilla were examined at Plymouth ; the

larger of the two was perhaps P. reniformis, the smaller probably P. torelli.

In the smaller of the two species ascending ciliary action was observed in the

majority of specimens. In one case it was well marked, indeed violent, in the last three
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and a half segments ; the anus was open, and the lumen of the gut widely patent.

Small particles were carried into and rapidly up the intestine, then were forced

downwards for some distance, again carried up, and so on ; the downward recoil

of the particles was apparently due to a series of spasmodic contractions of the

intestinal wall in the fourth segment from the end ; the whole of the rest of the

canal in this specimen was altogether quiescent. In other cases, for example those

in which the anus was kept closed during the examination, ciliary motion was feeble

or absent.

Antiperistaltic contractions of the intestine are almost always to be observed ; they

are usually only circulatory in their effect, i.e. they afl'ect only the contents of the

perienteric sinus, and are not violent enough to cause any narrowing of the lumen of

the alimentary canal. The contractions may extend in regular series over the whole

intestine to within a short distance of the head ; or they may be irregular and

discontinuous.

In the larger of the two species the anus was, in the specimens examined, kept

closed and the lumen of the posterior part of the gut almost occluded. Reversed ciliary

action was not observed. The antiperistaltic contractions of the intestine were circula-

tory only in their effect, and had no influence on the already contracted lumen of the

gut. Two striking peculiarities of this animal, which must impress every observer, are

its mode of locomotion, and the use it makes of its posterior end in exploration. There

are two clusters of small eye-spots, one on each side of the anus ; this end of the body

is continually active, exploring in all directions, and it is always this end which it pro-

trudes, when possible, from under the edge of the cover-slip. This, and the continual

slow-crawling locomotion, always with the anal end first, unite in making it appear

as if this were the anterior end of the worm ; while the gills—dragged behind, folded

like a closed umbrella—seem like projections from its hinder end.

DasycJione homhyx.

The phenomena are similar to those in Potamilla. A reversed ciliary movement

could be followed from the anus upwards for about six segments, though the posterior

part of the intestine was considerably contracted ; small particles were seen to be taken

in at the anus. The antiperistaltic contractions (in this condition of the intestine at

least) are entirely circulatory in their effect.

In some Sabellids examined at Millport, but not identified, similar phenomena were

observed. Ascending ciliary movement was present, either restricted to the most

posterior section of the intestine, or extending upwards through its hinder and middle

thirds,— in the latter case, violent at its hinder end, and visible even when the worm was

viewed as an opaque object under the low power of the binocular. Antiperistalsis was

present over the whole intestine, or was absent in its middle third ; in any case, its

effect was mainly circulatory.
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Eriographid^.

Myxicola dinardensis.

Ciliary motion was observed in this species throughout the greater part of the

intestine, from the anus to the beginning of the stomachal dilatation ; in places it was

indefinite in direction, but on the whole it was, as usual, ascending. The anus was

closed during the time of examination ; it is perhaps a fair assumption that if it had

been open the ciliary action would have been much more obvious and definite.

Antiperistalsis was observed to extend throughout the intestine, as far forwards as

the second setigerous segment. Its character varied at different times and in diff'erent

regions ; at times a regular and fairly strong series of contractions in the middle region

of the body markedly constricted the lumen of the intestinal canal ; at other times

their effect was confined to the perienteric sinus, the lumen of the gut being scarcely

narrowed at all.

The physiological importance of the posterior end of the body is as marked as in

Potamilla. In addition to the lateral rows of eye-spots, the animal possesses a pair of

clusters of such spots at its anal end. This end, too, resembles a worm's head in shape

;

the animal continually uses it for exploration, turning it from side to side, retracting it,

trying another direction, exactly as a worm does with its head. The animal always

crawls with this end in advance ; indeed, the posterior end obviously is, in a physiological

sense, the animal's head ; the other end, the morphological head, is merely dragged

behind, and is quite passive. It may be added that Benham (4) states that

M. infundibulwm also moves tail first.

Serpulid^.

Spiror'his horealis.

Ascending ciliary action was seen in all the specimens examined. As an example,

the appearances may be described in an animal in which the alimentary canal was at

first in a contracted condition in the whole of its posterior portion. Though violent

ciliary action was observed outside the anus, none could be seen inside the intestine,

and, the anus being closed, no carmine particles were taken in. After some time the

anus opened, and a violent ascending ciliary action was then visible in the intestine.

By varying the focus of the microscope, currents to and from the anus could be seen

;

at one level, all the carmine particles were being swept towards the anus ; at another,

the motion of the particles was for the most part directed away from the anus. A few

carmine particles were seen to enter the intestine, but they never seemed to ascend

very far, and were usually soon rejected ; the animals often give the observer the

impression that they shrink from the touch of solid particles. It may perhaps be

inferred that the anus is normally used for the ingestion of fluid only (cf. Polycirrus).

Similar phenomena were noted in other specimens. In one, a mass of fseces in the
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posterior part of the intestine was seen to be continually rotating round the longitudinal

axis of the canal (cf. jEolosoma viride, p. 744 ante).

No antiperistalsis was observed in any of the specimens. It must however occur,

at least in the form of contractions of the gut-wall which effect the circulation in the

perienteric sinus ; Fuchs (19) speaks of a contractile intestinal sinus in this family.

Pomatoccros triqueter.

This species is too opaque to be easily examined. Ascending ciliary action may

however be seen at and for a short distance above the anus, even though the anus and

lumen of the intestine are much contracted. In one specimen the anus was seen to

open and close from time to time—about eight times per minute, but irregularly—and

the ascending ciliary action was more easily to be observed while the anus was open.

Intestinal antiperistalsis occurs, but in different degrees at different times and places

;

in the posterior part of the body it was, in one specimen, circulatory only in its effect,

i.e., while causing constriction or obliteration of the perienteric sinus, it did not influence

the calibre of the intestinal lumen ; in the middle region of the body of another

specimen, however, it caused a marked narrowing of the lumen of the canal.

Addendum on Similar Phenomena in certain other Groups.

1 subjoin a few observations on related groups, made in the course of my work as

opportunity offered.

Ai^chiannelida.

During my stay at Plymouth I was kindly supplied with specimens of Dinophilus

twniatus and Histriohdella homari.

Dinophilus tmniatus, though a small animal, is very opaque, and the observation of

the interior of the alimentary tract is not easy. Ascending ciliary motion was observed

in a number of specimens, but it was never as obvious or as violent as in certain of the

Polychseta or Oligochseta.

As an example, a specimen may be cited which showed this phenomenon for a

considerable distance up the alimentary canal from the anus ; for a short space above

this, ciliary motion was present in ati ascending direction on the left side of the intestine,

in a descending direction on the right ; and just behind the stomach it was entirely

descending. Later, this ciliary action was ascending in direction in the anterior part

of the intestine, especially at the junction of intestine and stomach, but near the anus

its direction was indefinite.

Many variations were met with, especially with regard to the extent and direction

of the ciliary currents in the stomach and anterior portion of the intestine. In some

cases no ciliary motion could be detected, but this was, in all but one specimen, because

the intestine was full of solid matter.
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Antiperistaltic contractions of the intestine seem to be absent. In one case they

were observed in the posterior portion of the stomach.

Specimens of Histriohdella Jiomari yielded negative results. Slight ciliary move-

ment was observed in the last part of the intestine, but it was directed towards the

anus, which was kept closed. Irregular contractions of the intestine occurred, but not

definitely in either direction.

It may be added that the intake of water by the anus is a recognised occurrence in

Polygordius ; and that Goodrich has observed ascending ciliary action in Nerilla (22).

Nemertinea.

While engaged at Millport in working at the Nemertines of the Clyde, I took the

opportunity of examining all the species I came across (in most cases numerous

examples), in order to determine whether or not similar phenomena occurred in that

group. The results were mostly negative ; the anus is a very small orifice, and is

usually invisible even by the microscope ; it is never held open, and consequently there

is no possibility of the entrance of water for respiratory purposes. Ciliary movement

was never visible within the alimentary canal. A few infrequent antiperistaltic waves

were seen to pass along the posterior part of the intestine in Lineus gesserensis
;

and this phenomenon was present, and better marked, in Cephalothrix linearis. In

this species the waves are sometimes sudden and sharp, at other times slow ; they

are capable of forcing solid masses up the gut for some distance ; they are not,

however, continuous over long distances, but are rather fragmentary, each one

being confined to a limited portion of the tract. Direct peristalsis occasionally occurs,

but is much less frequent.

These observations are of interest, because Cephalothrix is perhaps one of the most

primitive genera of Nemertines, and because it is the one in which the blood-vessels

also are most obviously contractile.

Summary.

One or more species belonging to each of nineteen families of Polychseta were

submitted to examination. The main results of the observations may be outlined in the

table which follows (p. 810).

This table may be compared with that constructed for the aquatic Oligochseta

(p. 744). A few remarks on certain points may be added.

(1) In considering the frequency of ascending ciliary action in the intestine, it is

necessary to exclude from the enumeration several of the above families. In the

Arenicolidse, Flabelligeridse, and Cirratulidse, the conditions (size, opacity, contraction

of intestinal canal) did not allow of observation of the interior of the intestine
; all that

can be said is that there is a slight probability in favour of its occurring in the

Cirratulidse, and no reason either for or against in the other two families. In the
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Family.
Ascending Ciliary

Action.
Antiperistalsis.

Relation between Antiperistaltic

and Vascular Contractions.

Syllidae .... Yes Yes (not very com-

mon)
Simultaneous {Eusi/llis tubifex).

Hesionitlse Yes Yes Independent.

Aphroditidae Special arrangements for intestinal respiration (in Aphrodite) ; circulatory

system much reduced.

Phyllodocidae . No Practically absent

NereidcB .... Yes (slight) Yes Variable ; mostly absent.

Eunicidae.... No Yes No relation observed.

AriciidcB .... No Yes )) J)

Spionidse.... 1 (No note) Yes
)i )>

Cha3topteridse . Yes No
Opheliidae Yes 1 (No note)

Arenicolidse ?(No observation

possible)

Yes No relation observed.

FlabelligeridfE . H „ ,. )
Yes Antiperistalsis is mainly circulatory.

Capitellidae Yes Yes (Circulatory system much reduced.) <

Cirratulidae ? (No observation

possible)

Yes ? (No note).

Terebellidae Yes (slight) Yes Antiperistalsis is mainly circulatory

(in Terehella).

Ampliaretidse . Yes Yes (Probably as in Terebellidae).

Sabellidse Yes Yes As in Terebellidae.

Eriographidee . Yes Yes )> J!

Serpulidse Yes Yes
i

Spionidse I have unfortunately no note as to whether it occurs or not. Excluding these

four families, the phenomenon occurs, not in all, but in some, members of eleven

families out of fifteen.

This, however, very possibly understates the case. The phenomenon is variable

—

sometimes absent or ill marked, and sometimes well marked, in the same species, or

even in the same specimen ; and it may occur in one species, and not (so far as observed)

in a related species {e.g. among the Syllidse). It is possible, therefore, that it might

have been observed in families in which it is recorded as absent, if other species or even

other specimens of the same species had been examined.

The ascending ciliary action is often visible when the anus is closed, and may even

be distinguishable when, in addition, the intestine is itself so much contracted as almost

to occlude the lumen. It is, however, usually much more marked when the anus is

open (e.g. Odontosyllis, Castalia, Capitella, Potamilla, Spirovhis, Pomatoceros) ; and

sometimes, as for example in Castalia punctata, the relaxation of the anus, in a

specimen in which it has been closed for some time, resembles nothing so much as the

opening of sluice-gates in a watercourse.

That the effect of the ciliary action is to produce an upward current in the fluid

contents of the alimentary canal, and to cause the entry of water at the anus, if the

anus is open, will be at once admitted. The appearances are conclusive to anyone who

examines such forms as Castalia, Capitella, Chwtopterus, and certain Syllids, Sabellids,

and Serpulids, or who has tried the carmine experiment with Ammotrypane, Melinna,
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or Chaetopterus. A peculiarity about these carmine experiments, however, deserves

notice. The experiment may fail altogether to demonstrate an entering current at the

anus, and this although a violent ascending ciliary action is going on all the time;—
compare the account of Tryj^ctnosyllis zebra ; the animal seems to try to get away from

the carmine. In other cases, though the carmine enters, it seems never to ascend very

far, and soon to be rejected (compare the accounts of Polycirrus and Spirorhis). It

would appear that the posterior end of the intestine is not fitted to deal with solid

particles, and that if possible it avoids receiving them.

(2) Antiperistaltic contractions of the intestine are even commoner than ascending

ciliary action. Of the nineteen families before enumerated, the Opheliida3, concerning

which I have no note, are to be excluded ; of the rest, it appears to be absent only in

the Chsetopteridfe, of which, however, very few specimens were examined, and probably

in the Aphroditidse, which have (at least Aphrodite aculeata has) special arrangements

for intestinal respiration ; for practical purposes it may also be reckoned as absent in

the Phyllodocidse. It occurs therefore in fifteen families out of eighteen.

That a phenomenon which occurs so widely and constantly, in so large a group as

the Polychseta, has some essential significance, will be immediately admitted. That in

a number of forms, both of Oligochseta and Polychseta, the contractions are partly

circulatory in their eff"ect, driving forward the fluid in the perienteric plexus or sinus,

is obvious ; that they are even mainly circulatory in some (Enchytrseidse, Sabellidse,

Serpulidse, etc.), is no less true. These facts have already been insisted on, and have

an essential place in the speculations on the manner of evolution of the vascular system

which have been already put forth.

But that this is the fundamental meaning of antiperistalsis appears to me to be an

error. The question is discussed at length on pp. 779-781 ante. The association of

antiperistalsis with ascending ciliary action ; the fact that the waves obviously cause

(in most cases) a considerable constriction of the alimentary tube, and are hence much

more violent than is necessary merely to propel the fluid in the intestinal vascular net-

work ; and that the function of peristalsis generally in the animal kingdom, including

the groups from which the Annelida may be supposed, directly or remotely, to be

derived, is to propel the contents of a tube along its lumen ; are among the arguments

there adduced in support of the view that the reversed peristalsis of the intestine had

originally, and in many cases has still, a respiratory or at least ingestive significance,

and that this is the essential meaning which underlies the phenomenon. I may here,

in addition, recall the periodical opening and closing of the anus (gulping action), and

especially the direct association of this with the starting of an antiperistaltic wave from

the anus {Leptoneris vaillanti), which in Polycirrus and Amphitrite may be fairly

described as a regular gulping and swallowing of " mouthfuls " of water.

(3) Associated with this use of the anal end of the body are several other phenomena

which, like that, induce us to believe that this extremity has in many cases a greater

physiological importance than would naturally be attributed to it. Eye-spots occur by
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the side of the anus in Potamilla. Capitella frequently, the Eriographidse [Myxicola

dinardensis, M. infundihulum), and Sabellidse {Potamilla) regularly, move with the

posterior end foremost ; and this manner of locomotion, along with the evidently highly

developed sensibility and the continual exploring movements of the anal extremity,

indeed the whole behaviour of these worms [Myxicola and Potamilla), makes it im-

possible to resist the belief that the physiological head of the animal is the morphological

posterior end of the body.

(4) I have already mentioned that my object in studying the Polychseta was to

extend the observational basis on which the views, previously put forward, on the origin

and mode of evolution of the vascular system in the Annelida were founded. The

results of my investigations are evidently in harmony with those views, and in a general

way confirmatory. Since, however, they add nothing of importance to the argument,

it seemed better to develop the discussion on the basis of the Oligochseta, and to give

the results of the Polychsete investigation separately, as has been done in the present Part.

The reasons why the material gathered from the lower families of the Oligochseta is

better adapted to serve the purpose of a discussion on the evolution of the vascular

system seem to be the following :—In the first place, the Oligochseta are distributed into

far fewer families than the Polychseta ; the anatomical material which falls to be con-

sidered is therefore more easily mastered, and, when mastered, is more easily arranged.

Secondly, the Microdrili are for the most part small transparent worms which can be

observed microscopically without difficulty ; while the Polychseta are often large and

opaque, and hence the points in question—ascending ciliary action, antiperistalsis, the

relation of intestinal to vascular contractions—are often impossible of discovery by

ordinary means. Thirdly, the aquatic Oligochseta appear to contain a larger number of

the lower stages of the evolutionary series ; indeed, it may be said that they represent

a generally more primitive level than any of the Polychseta.

Since, therefore, it appears that the observations on the Polychseta fit into the

scheme of evolution of the vascular system as already outlined, and that thus there is

nothing that contradicts, and much that agrees with, the results arrived at from a study

of the Oligochseta, it does not seem too much to say that the views previously put

forward receive a useful confirmation from this series of observations.

A few parallels with the Oligochseta may be noticed.

(a) In the Serpulimorpha (Sabellidse, Eriographidse, Serpulidse) there is a perienteric

sinus within the muscular coat of the intestine, but no differentiated dorsal vessel behind

the oesophagus ; the ventral vessel, however, exists throughout the length of the body

(I take these anatomical data from Fuchs). Here the antiperistaltic contractions of the

muscular coat drive forwards the blood in the sinus ; they have usually, however, com-

paratively little effect in narrowing the lumen of the gut. The anatomical and physio-

logical conditions are comparable to what is found in the Enchytrseidse, and represent

one of the lower stages in the evolution of the vascular system, one in which the

vascular is, in great part of its extent, not emancipated either anatomically or



INTESTINAL RESPIRATION IN ANNELIDS. 813

physiologically from the alimentary system. Siphonostoma and Terebella may also

be compared.

In some ways, however, the course of evolution has led in the Serpulimorpha to a

more specialised state of things than that seen in the Enchytrajidfe. In the Enchy-

trseidse the "sinus"' is probably a close network [cf. note on p. 778) ; in the Serpuli-

morpha it appears to be really a continuous sinus ; this is, according to the views put

forward in the present paper (p. 778), a secondary condition, which has been

developed out of that of a network by the fusion of adjacent channels. Secondly, the

antiperistalsis is mainly circulatory in its effect ; it usually constricts the lumen of

the gut but little, and can therefore have only a slight influence in moving the fluid

in the interior of the intestinal tube. This is to be both compared and contrasted

with the results of evolution in the Naididse and Tubificidge ; as in these latter the

antiperistalsis becomes limited in its effects to the dorsal vessel, the main circulatory

channel in the intestinal region, and the cavity of the gut is but little affected,

so here also the effects of the antiperistalsis are confined to the sinus, the main

component of the circulatory system in this region, and the lumen of the gut is

affected only slightly.

(6) The phenomena observed {vide ante) in one specimen of Nereis pelagica are

interesting as indicating the occasional persistence of a primitive condition of things in

a group where the vascular system has progressed to a high evolutionary level. In

this specimen antiperistalsis began at the anus, travelled forwards for a few segments,

and was then continued on without interruption as a contraction of the dorsal vessel.

The same wave was at the hinder end a general antiperistalsis of the intestinal wall,

further forwards a contraction of the dorsal vessel,—a temporary relapse to an earlier

physiological condition or stage of evolution (cf. yEolosoma and the Enchytrseidse),

and indicative of the original unity of the two phenomena.

(c) Eusiillis tuhifex is also noteworthy. In the Syllidae, according to Fuchs (19),

the dorsal vessel is unconnected with the intestinal canal, although it is sunk within

a fold of the gut- wall ; though there is thus apparently a close spatial relation, complete

anatomical differentiation has taken place, and the dorsal vessel is not merely a special

channel in the intestinal plexus. On referring to the foregoing observations, it will

be seen that in the Syllidse no relation was found to exist, as a rule, between antiperi-

staltic and vascular contractions—indeed, antiperistaltic contractions were not often

visible
; the physiological condition corresponds with the anatomical. In a specimen

of Eusyllis tuhifex, however, the dorsal vessel contracted whenever the intestine

contracted ; the physiological unity was in some degree preserved—a condition which

again points back to a stage where intestinal and vascular contractions were not only

coincident in time, but undifferentiated parts of the same phenomenon.

{d) Finally, there is a large number of families in which the condition is that of the

higher aquatic Oligochaeta. In Autolytus (Syllidse), Castalia (Hesionidge), the Eunicidse,

Ariciidse, Spionidse, and Arenicolidee, both anatomical and physiological differentiation
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are complete ; there is a well-developed dorsal vessel separate from the intestine, and the

contractions of the two are quite unrelated to each other.

3, The Bearing of the Observations on Putter's Theory.

The introduction of water at the anus, and its propulsion upwards along the intestine,

has throughout the present paper been referred to, in accordance with the usual custom,

as a respiratory process. The assumption is that the oxygen carried in solution diffuses

from the water through the intestinal epithelium into the fluid contained in the

intestinal sinus, or network of capillary vessels in the wall of the gut, while carbon

dioxide is given off" in exchange.

It has, however, been hinted (p. 776) that other dissolved matters may be thus

introduced. There is obviously no reason why, if suitable substances in solution gain

an entry into a cavity whose walls have in a special degree, as have those of the intestine,

the power of absorption, those substances should not be absorbed, just as the nutritive

matters which enter by the mouth and are reduced to solution in the anterior part of

the tract are absorbed. Though intestinal respiration is a well-established term, it is

at least possible that the process may not be exclusively respiratory.

In these circumstances the views of Putter become of interest. Putter holds that

in the case of aquatic animals a considerable part—even the greater part—of their food

comes, not from solid matters introduced into and reduced to solution in the alimentary

tract, but from the dissolved organic matter of the medium in which they live, which

is absorbed, it may be through the alimentary walls, or in other cases through some

portion of the surface of the body.

The results of Putter's earlier investigations are conveniently presented by Johnstone

(25), from whose work I take the substance of the two following paragraphs :

—

Putter found, in the case of the sponge Suberites domuncula, that an animal of

about 60 grammes weight required per hour 0'92 mgm. of carbon. If the sponge is to

obtain its food by eating plankton organisms (Lohmann's estimates of the density of

plankton in the open Mediterranean being assumed true for the bay of Naples), it would

be necessary that it should capture, per hour, all the plankton contained in 242 litres

of sea-water, that is, about 4000 times its own volume. The volume of water passing

through tlie osculum in this time is, however, only about 300 c.c, and this quantity

contains only sTo^h part of the carbon required by the sponge.

Accordmg to Putter's estimate, the carbon requirements of the animal are contained

in a dissolved form in so small a quantity of sea-water as 14 '2 c.c. Thus, even if we

assume that all the carbon compounds contained in sea-water are not capable of being

utilised as food, and that the absorption coefficient is not a very high one, it is still the

case that the water circulated through the cavities of Suberites may contain enough

carbon to supply the animal's requirements. Putter also suggests that the respiratory

surfaces of, for example. Molluscs and Ascidians are really surfaces for the absorption
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of food-matters. " At any rate, the actual evidence that the gills of these creatures are

organs which function in the absorption of foodstuff is just as strong (or as weak) as

the actual evidence that they take up dissolved oxygen from solution in sea-water.

" What, then (continues Johnstone), is the function of the alimentary canal in such

animals as these ? Putter suggests that the surface of the latter is one which is

instrumental in the absorption of dissolved food-matter from the sea" {i.e. it would

have the same function as the gills). " That it should also take in and digest solid

food particles, such the organisms of the plankton, may be a secondary function acquired

after the alimentary canal has been evolved for the absorption of liquid foodstuff. Thus

the capture and assimilation of diatoms by a mussel or a holothurian may be compared

with the capture and assimilation of insects by an insectivorous plant ; which latter

process we may regard as being strictly secondary in importance to the process of feeding

by means of photosynthesis of starch by the green parts of the plant."

In later publications, Putter recapitulates his investigations and the conclusions

to be drawn from them (34), and extends his theory to include even Fishes (35).

Having shown the absorption of dissolved matters in the latter class, he infers that this

takes place through the gills ; the skin is not apt for absorption, and the fish swallows

no water ; the quantity of water passing over the gills, however, is enormous—even

more than is required for the purpose. The soluble matters capable of being used as

foods, which occur in the water, are to be considered as the mainstay of the fish's

nutrition.

Putter's last communication (36) deals with certain objections to his views.

Henze had shown that Putter's methods of estimating the amount of dissolved organic

matters in sea-water were insufficient, and gave much too high values. Putter admits

this, but still holds that the quantity of carbon compounds in solution is enormously

greater than that of the living organisms. He returns to the subject of Actinians. It

is said that the tentacles are " obviously " for the purpose of taking in solid food. As

a matter of fact, says Putter, they are not ; small animals or particles of flesh which

touch their surface are not seized and introduced into the CBSophagus ; on the contrary

the crown of tentacles closes over the mouth opening and protects this from the entry

of the so-called nutritive particles (E. Pratt, Kukenthal). Kukenthal never ob-

served solid nutriment in the interior of the polyps, nor saw solid food ingested ; finely

pounded fish -flesh added to the water was not taken up, but the particles were

surrounded by a slimy secretion which caused them to adhere to the surface of the

colony (but cf. Carlgren's observations, referred to on p. 821 post). The gastro-

vascular system of corals is, at least partially, excretory of the end-products of

metabolism.

Putter concludes: "It has been proved (1) that the quantity of organic com-

pounds in solution in the sea exceeds by hundreds of times that of the animal organisms
;

... (3) that animals can take up dissolved organic substances even when these are

present in a concentration of 1 : 280,000 to 1 : 2,000,000 ; (4) that animals can exist,

TEANS. ROY. SOC. EDIN., VOL. XLIX. PART III. (NO. U). Ill
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which supply at most y-oW ^^ their material needs by digestion of solid food {Suherites,

Octocoralla, Rhizostomata)
; (5) that animals can live and produce ova altogether with-

out solid food, that the progeny grow, undergo ecdysis, and develop at the same rate

as animals under the usual natural conditions, all without solid food (Max Wolff on

Simocephalus)."

My observations on the Polychseta and aquatic Oligochseta serve to show that the

introduction of water into the alimentary canal by the anus is a much commoner

phenomenon than has hitherto been recognised, and hence give some support for

the application of Putter's views to these groups.

In this connection it is interesting to consider the exceptions to the rule of the

prevalence of intestinal respiration, both in the lower Oligochseta and the Polychseta.

In the lower Oligochseta (not counting the Enchytrseidse, which are not principally

aquatic) the most marked exception is that of the genus Chsetogaster. This is, so far

as I know, the only carnivorous group of aquatic Oligochsetes ; specimens will ingest

auimals or portions of animals of a relatively considerable size ; indeed, they will attempt

to swallow animals much larger than themselves. Of the Polychseta, excluding doubt-

ful cases and those in which there is no evidence either way, the families in which, so

far as my observations go, ascending ciliary action in the intestine does not occur, are

the Phyllodocidae, Eunicidse, and Ariciidae (the Aphroditidse are not reckoned, their

intestinal respiration being of another type). These are all placed in the group

Nereidiformia ( = Rapacia) by Benham, a group composed for the most part of active

carnivorous forms with armed proboscis (Fuchs places the Ariciidse with the

Spioniformia).

It is precisely these carnivorous forms which, since they ingest comparatively large

masses of solid food, approach nearest in their manner of feeding to such higher animals

as birds and mammals. It is possible to suppose, therefore, that these forms are

capable of supplying themselves in this way, and do supply themselves, with the

required amount of nutriment. The absorption of dissolved matters is no longer

necessary ; a continual circulation of water through the alimentary tract would even be

harmful, as diluting to too great a degree the digestive juices poured out for the

purpose of acting on the solid masses. It is comprehensible, therefore, that it should

be among these forms that the exceptions to the rule of intestinal "respiration" are

found to occur.

III. GENERAL CONSIDERATIONS.

The posterior part of the alimentary canal, with the anus, is in most of the higher

animals the channel by which the food-remains are got rid of, and in them it subserves the

function of expulsion practically exclusively. But widely distributed, as we have seen,

among the aquatic Oligochgeta and the Polychseta there is an inhalant function as well

;

and it is perhaps worth while inquiring whether the expulsive or the receptive function

is likely to be the more primitive. In other words, is it probable that such a funda-
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mental fact of structure as an anus was first developed in phylogeny for the purpose of

getting rid of undigested remains of food ?

(1) In the first place, when we consider the Coelenterata and Platyhelmia, it appears

that there is no necessary inconvenience in returning undigested matters by the mouth,

even in the case of animals of some considerable size. The Ophiurids indeed show us

that the anus may be so unimportant as to be dispensed with, even by highly organised

animals which at an earlier stage in phylogeny possessed this feature. It might

perhaps be argued that it is not size, nor even a generally high level of organisation,

that necessitates an anus, but length of body relatively to breadth,—that a long and

narrow alimentary canal, as for example in a worm-like animal, will require a posterior

outlet, while a short and broad nutritive cavity would not do so ; to which it may be

answered that many of the Turbellaiia, which possess no anus, are nevertheless much
elongated forms.

To these facts of anatomy may be added a theoretical argument. In all animals

which possess them, the specially digestive gland or glands, whose function is to secrete

the juices which dissolve the nutritive portions of the food, are situated in connection

with the first part of the alimentary canal. The greater part of the length of the canal

—in those animals whose physiology has been best elucidated, and probably in others

also—^is destitute of any specially active secretion ; its function is to absorb, and in

the case of animals with branched alimentary canal to distribute, the foodstuffs which

have been reduced to solution in the anterior part of the tract. The innutritions

portions of the food are thus separated from the nutritive portions in the anterior part

of the canal : if an anus exists, there is no reason why the undissolved innutritions

portions should not pass along the tract, in company with the dissolved matters, to the

anus, where they are expelled ; but an anus is by no means necessary for this purpose,

since, the mouth being nearer, there is little or no inconvenience in expelling the

undigested residue by this exit. In other words, since there is no necessity for the

undigested portions of the food to travel into the posterior part of the alimentary tract,

it is unlikely that such a fundamental fact of structure as an anus should have been

developed there for the purpose of allowing them an exit ; and if an anus had not

been independently developed for some other reason, solid food-remains would never

have reached the posterior part of the intestine at all.

The original mode of expulsion of undigested food-remains in the Metazoa is by

the mouth. To such a degree has this been impressed on the organism, that the

faculty of such expulsion has never been lost. I imagine that it is within the personal

knowledge of everyone that what may be called the remnant of this condition persists

even in the highest forms—that the anterior part of the alimentary canal will still

spontaneously return indigestible or undigested food through the mouth, instead of

passing it on to be expelled through the hinder part of the tract. Reference ma)' also

be made to the faecal vomiting of intestinal obstruction, as showing how, on the

occurrence of a check to the onward passage of solid matters even low down in the
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intestine, the original condition of expulsion by the mouth is restored. The same

thing is also seen in ruminants, where undigested food is returned to the mouth for

purposes of mastication and reduction to a digestible form ; and a similar condition is

known pathologically in man under the name of mericism.

(2) If it is thus unnecessary to suppose that an anus was developed merely in

connection with the expulsion of food-remains, it is also ditticult to conjecture in what

manner such an assumed development took place. The original condition would be

that already indicated, in which the digestive juices act on the solid food in the

anterior part of the tract, the soluble matters being extracted and passed on for

absorption, the insoluble rejected by the mouth ; and it is not easy to suppose that

the undigested matters, originally retained, until expelled, in the anterior portion

of the tract, gradually travelled further and further along the tract, and at last

broke through at the posterior end, producing a mutilation which became hereditary

in the race.

Indeed it is not easy,—in discussions, for example, of the origin of Annelids from

Turbellarians,—to find any adequate description of the origin of the anus. Meyer, in

his well-known paper on the origin of the Annelids (31), expressly begins with

Turbellarians, that is, forms without an anus ("Die Vorfahren der Ringelwlirmer stelle

ich mir als kraftige, rauberische Turbellarien vor, welche pelagisch lebend seiner Zeit die

Meere beherrschten ") ; but in the passage where one would expect to find described

the origin of the anus, the ancestral forms have become " Turbellarian-/t^e " animals

which already possess one (" die turbellarienartigen Vorfahren der Anneliden . . .

ahnlich den Nemertinen ein einfaches, hinten mit einem After endendes Darmrohr

hatten ") ; the point is therefore altogether evaded. We have, in the anus, to do with

what I have called " a fundamental fact of structure," with an aperture which is compar-

able in anatomical importance to the mouth, is equally definite in position and relations,

and arises by a similar process and frequently equally early in the ontogeny ; and

therefore it is not, I think, satisfactory to adduce, as the origin of the anus, the pores

which in many Ccelenterata and Turbellaria place the alimentary tract in communica-

tion with the exterior. Nor does Lang regard a similar suggestion of his own with

any degree of confidence ; he can only say that an anus must have been formed (27) :

—

" Es ist zur Zeit noch unmoglich fiir den Enddarm und den After der Hirudineen bei

den Plathelminthen Homologa aufzufinden " (he is deriving Annelids by way of the

Hirudinea from Platyhelminth forms resembling Gunda segmentata ; the introduction

of the Hirudinea in this connection lias since been given up). " Vielleicht—es ist dies

eine blosse Conjectur—hat sich einer der Excretionscanale, die wir bei Polycladen

vorfinden, specifisch entwickelt und zur Bildung des Enddarmes und der Afteroffnung

Veranlassung gegeben. Jedenfalls darf das Vorhandensein eines Afters bei den

Hirudineen uns nicht bestimmen, sie von den Plathelminthen weit zu entfernen.

Einmal muss er sich doch gebildet haben ! Auch die Nemertinen haben einen After,

und doch fallt es Niemanden ein, sie aus dera Verbande der Plathelminthen loszulosen !

"
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In the latest presentation of his " G-unda-theory "
(29), Lang does not refer to this

point.

From what has been said it would seem to be neither necessary nor probable that

an anus should have developed in order to permit the expulsion of undigested food-

remains. In other words, the expulsive function of the posterior part of the alimentary

canal is probably secondary ; the anus was developed in some other connection, and its

existence has merely been taken advantage of for getting rid of useless solid matters.

If the anus is not primarily an aperture for expulsion, can it be considered as

primarily for ingestion ? Is the inhalant function the original one ?

(1) As a first point in favour of this suggestion may be mentioned the wide distri-

bution of this inhalant function among those aquatic groups which possess an anus.

The phenomena of ascending ciliary action and antiperistalsis give the posterior portion

of the alimentary tract, as has been seen, a decidedly inhalant as distinguished from an

expulsive character in the Polychseta and aquatic Oligochseta ; and a similar function

of the intestine is recognised in the Archiannelida and Sipunculoidea, with some

probability in the Echiuroidea, in the Echinoidea and Holothuroidea, the Mollusca

(anal chamber of the Aplacophora), many Crustacea and Insecta, and even among the

Chelonia. Intestinal respiration (in this case by means of swallowed air) is also known

to occur in certain fishes.

(2) Again, as indicating the essentially inhalant character of the posterior aperture

of the alimentary tract, may be mentioned the fact that tactile organs (sensory hairs) are

in certain genera of aquatic Oligochseta {Slavina, Pristina) almost or quite as numerous

and quite as large round the anus as on the prostomium. In these forms also backward

progression is as free and natural as forward progression. I have frequently been struck

with this while examining these worms ; the backward movement is not a recoil, or

avoidance of something in front of the animal's head, but an active, purposeful, and

continued locomotory eff"ort, which is employed as often as or oftener than forward

progression. In some specimens of Dero 1 have found a condition approaching that

of certain Polychaeta previously described {cf. pp. 806, 807). These may also be

briefly again referred to in the present connection ; it will be recalled that the intake

of water by the anus, the eye-spots and evident tactile sensibility at the posterior end,

the continual exploring movements, and the invariable progression with this end in

advance, gave the morphologically posterior extremity the character of the physiological

head of the animal.

(3) The facts of ontogeny may be adduced in this connection. If the anus

originally subserved only the function of expulsion,—if it is to be considered as essenti-

ally centrifugally produced, as a breaking through, for the purpose of getting rid of

matter,—it is difficult to see why its formation should be represented ontogenetically

by an invagination from without. The idea may be perhaps better expressed as

follows :—The anus exhibits in general a striking morphological similarity to the mouth

in its mode of formation—it sometimes, indeed, arises in common with the mouth ; and
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it is not unreasonable to suppose that similarity or community of origin may indicate a

primitive similarity or community of function.

(4) An argument against the view that the primary function of the anus was to

act as a passage for undigested food, was that, holding this view, it is impossible to

give any satisfactory account of its origin. Conversely, it will be an argument in

favour of the opposite view—that the anus is primarily inhalant—if, on the basis of

this view of its function, we can give a reasonable account of its first appearance.

Can we conceive that in an animal—for example, a Turbellarian—possessing a mouth

and alimentary tract, in which the mouth serves for the intake of food both in mass

and in solution, a new aperture was formed in a remote region of the body, for the

purpose of introducing into another part of the alimentary tract a certain portion—let

us suppose the fluid portion—of what previously entered at the mouth ? The difliculties

in the way of such a separate origin seem insuperable ; indeed, it seems to be impossible

adequately to explain the anus on any view, so long as it is considered to be a relatively

recent formation, separate in origin from and arising at a later phylogenetic stage than

the mouth.

We have, however, in Sedgwick's theory (43) an explanation of the origin of the

anus which satisfies our requirements. The theory views the anus as coeval in origin

with the mouth, and as being an equally fundamental and essential fact of structure

;

it thus escapes the insuperable difliculties we encounter if we attempt to consider the

anus as a later acquisition. While recognising the primarily inhalant character of the

anus, it has moreover from my present point of view this advantage, that it was not

evolved to meet the present case, but was independently enunciated in an altogether

different connection,—in connection, namely, with the consideration of the origin of

segmentation.

Sedgwick, as is well known, derived both the mouth and anus of higher forms from

a common aperture, which is represented in embryology by the blastopore, in compara-

tive anatomy by the mouth-opening of the Actinozoa. Among the facts which

Sedgwick brought forward in support of the theory two may be briefly mentioned in the

present connection : (a) that the mouth, or the anus, or both, are in the great majority

of cases derived embryologically from the blastopore
; (6) that even in the Actinozoa

the mouth-aperture is, physiologically if not anatomically, divided into two by the

approximation of the lips and locking of the cilia.

Briefly expressed, then, the theory supposes that the ancestor of the segmented

Bilateria was of the Actinozoan type ; that an elongation of the body took place in the

direction of the long axis of the already oval or dumbbell-shaped mouth ; that the

mouth, now still more drawn out and slit-like, became divided into two apertures by

the fusion of the lips across the middle, as occurs, for example, in the blastopore of

Peripatus during development ; and that in this way an elongated form resulted,

with an oral aperture near one end and an anal aperture near the other, both

apertures opening into a common gastrocoel. The original oral surface became the
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ventral, on which progression took place, as happens sometimes in Actinozoa at the

present day.

Obviously, since the undivided mouth aperture is primarily for ingestion (and for

expulsion only secondarily, as a consequence of previous ingestion), the two resulting

apertures will also primarily subserve the same purpose ; that is, the anus will primarily

be an inhalant aperture.

(5) A few collateral facts may, in conclusion, be adduced, which help to confirm the

views here set forth.

(a) Carlgren (11) has published some observations on the ingestion of food by

certain Actinozoa. The cilia of the siphonoglyph or siphonoglyphs beat always in an

inward direction, causing a corresponding current of water into the alimentary chamber.

The entrance of solid food is occasioned both by cilia and by peristalsis of the

stomodoeal tube ; in Metridium and Sagartia mainly by ciliary action ; in Cary-

ophyllia partly by peristalsis, which helps in the swallowing of large particles; while

in Tealia, Actinostola, and Bolocera.^ peristalsis is the main factor. The undigested

food-remains are particulate in Metridium and Sagartia, in which species they are got

rid of by the action of cilia, which transport them from the stomodseum to the tips of

the tentacles ; in Cari/ophyllia the food-remains are brought up to the inner end of the

stomodseum by the cilia of the filaments, and are then expelled by contractions of the

body ; in Tealia and Actinostola solid masses are expelled by contractions of the body,

possibly assisted by peristaltic action of the stomodseum.

Thus in the Actinozoa the siphonoglyph is continuously engaged in introducing

water containing matters, including oxygen, in solution ; while solid food is introduced,

and its remains expelled, through and by the agency of the muscular stomodseal tube.

And we may perhaps follow out the line of thought indicated above by supposing that,

of the two apertures into which the mouth-opening of the Actinozoa becomes divided,

that which represents the end of and leads into the siphonoglyph becomes the anus
;

here there is always an inwardly directed ciliary current, which introduces water, but

no solid food (compare the experiments on Polychaeta in Part II., which show that the

animals avoid ingesting solid particles by the anus, or speedily reject them if they are

ingested). The other aperture, representing the main opening of the muscular stomo-

dseum, becomes the mouth ; here solid food is introduced, and here solid food-remains

are expelled ; in the primitive condition food-remains did not travel to the anus.

(6) The last point is one which has been referred to previously—the occurrence of

digestive glands only in connection with the anterior part of the alimentary tract.

This is an obvious consequence from the fact that solid matter is introduced only by

the mouth ; it is only this portion of the animal's food which requires to be acted on

by digestive juices and so reduced to solution. It may be added, also, that jaws, teeth,

and powerful muscular mechanisms are found only at the anterior end of the tract

;

and this for the same reason—it is only the nutriment which is introduced at the

mouth that can require mechanical division.
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It is commonly found, when any element of structure becomes split up in the course

of evolution, that the resulting portions become differentiated anatomically, and take

on different physiological functions. This has happened to the original mouth ; but

the specialisation of the two apertures which have resulted did not take place primarily

in the Avay that at first sight appears most probable. The differentiation was not into

an aperture for entrance and an aperture for exit ; but into an aperture for the entrance

of food in mass, and an aperture for the introduction of the fluid medium carrying

oxygen and food-matters in solution.

A second line of thought is suggested by the statement on a previous page (p. 816),

—that, so far as my observations go, it is only among the Nereidiformia (Rapacia) that

families are to be found in which ascending ciliary action in the intestine certainly does

not occur ; in other words, this phenomenon is more universally prevalent among the

sedentary and tubicolous than among the errant families.

I should be sorry to trust too far to this statement. My observations do not

embrace all the families of Polychseta ; it is very possible, therefore, that ascending

ciliary action may be absent in some of the families of Sedentaria in which I have not

been able to make any, or any satisfactory, observations ; and, on the other hand, a

more exhaustive investigation might have resulted in showing its occurrence among the

Errantia in families in which I have not so far discovered it.

Proceeding, then, with this qualification in mind, I would observe that, according

to the reasoning given above, ascending ciliary action is to be considered as a primitive

character ; and the question therefore arises. Are the Sedentaria—the division of the

Polychseta in which this phenomenon occurs most markedly—the primitive Polychsetes ?

I believe that in all probability there exists no such thing as a primitive animal. Those

that commonly go by this name are, if primitive in one or in some respects, much

modified—either highly specialised or degenerate—in others. All that can be said is

that certain animals are primitive in certain respects ; but no animal of any group can be

put down as primitive in all respects, just as no animal of a group can be said to

be in all respects the " highest." Still, some animals do undoubtedly show a larger

number of primitive features than others ; and in considering whether the sedentary

Polychseta have not a better right to the title of primitive than the errant forms, all

that we have to decide is whether or not, in the greater number of their more important

features, they retain characters which we judge to be ancestral. No one, for example,

would maintain that the tuft of feather-like gills which ornaments the anterior end of

the sedentary Serpulimorpha was a primitive character, any more than a similar claim

could be made for the perfectly shaped glass-like tube of the errant Hyalinoecia.

The view is perhaps generally current, that active free-living forms are more likely

to be primitive, sedentary and especially fixed forms to be modified ; and so far as I

can gather, opinion seems rather against the view that the sedentary, especially the

tubicolous, forms rejjresent the primitive Polychseta. The usual representative of the
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group in text-book and laboratory is Nereis, a typically errant form. The parapodia,

the organs of active locomotion, are accepted as of the essence of Polychsete organisation :

thus Goodrich (22), deriving the Archiannelids from Chsetopodous— presumably

Polych^te—forms, speaks of the parapodia as having become " reduced "
; so, too, FuCHS

(19), defining the Cirratulidge, speaks of the parapodia as being reduced (reduziert) to

papillae. And no doubt other indications of a similar view could be collected.

It is the other side of the argument that I here wish to present. First are the facts

of the distribution of intestinal respiration, as evidenced by ascending ciliary action
;

these formed the starting-point for the present discussion, and need not be again

alluded to.

Related to this phenomenon is the fact that in certain Sedentaria (pp. 806, 807)

a very considerable physiological importance attaches to the posterior end of the body
;

the connection is illustrated further on p. 819. On Sedgwick's theory, adopted in

the present discussion, the physiological value of the two ends of the body would

be at first—before any marked differentiation in favour of the head took place

—

approximately equal.

Next, we may briefly notice some points in connection with the vascular system.

A dorsal vessel is present, as a rule, throughout the whole length of the body in errant

forms. In sedentary forms it is usually present only in the anterior part of the body
;

posteriorly there exists a perienteric sinus, from which the dorsal vessel has not become

differentiated ; the blood in the sinus is propelled by antiperistaltic contractions of the

muscular coat of the intestine.

These features are, according to the views put forward in the present paper, in great

part primitive. The sinus is indeed perhaps a secondary character, and is to be looked

on as derived from an irregular system of inter - communicating spaces by the

disappearance of the partitions between them {cf. p. 778). But the non-differ-

entiation of the dorsal vessel in the hinder portion of the body, and the propulsion

of the blood in the sinus by antiperistaltic contractions of the intestine, are primitive

features, which occur low down in the Oligochsete series [JEolosoma, Enchytrseidse,

pp. 749, 752), and which represent early stages in the evolution of the vascular system.*

* It has been suggested to me that the condition in which the dorsal vessel exists only in the anterior region is

probably correlated with the massing of the respiratory apparatus (the development of branchise) at the anterior end
of the body. The examples of the ^Eolosomatidte and EnchytrseidBe, however, show that the dilfereuLiation, in the

anterior region only, of a dorsal vessel may occur apart from such respiratory specialisation^, and the same may be

said of the Opheliidae {Polyoiihthalmus) among the Polychseta.

That the two conditions—presence of a differentiated dorsal vessel only in the anterior region, and development of

bi-anchiae at the head end—coexist in general in the Polychseta, is of course a fact, and it is highly probable that there

is some relation between the two. But the correlation appears to me to be in a sense the reverse of that implied in

the above suggestion. The necessity of providing a vascular supply for the gills restricts the gills, in general, to those

parts of the body where the vascular system has reached a considerable degree of differentiation, with definite blood-

vessels : in most of the Sedentaria this condition is only fulfilled at the anterior end of the body,—hence the develop-

ment of gills in that region only. Forms in which definite vessels have been differentiated throughout the length of

the body are not restricted to the anterior end as a site for their gills ; so, for example, Arenicola, the Spionids, and
otiier Polychseta, and so Branchiodrilus (Cheetobranchus) and Dew among the Naidida?, and Branchiura among the

Tubificidse.

TKA.NS. ROY. SOC EDIN., VOL. XLIX. PART III. (NO. 14). 112



824 tROFESSOll J. STEPHENSON ON

With regard to the sedentary habit itself, it is possible to hold that this, rather than

the active free-living condition, is primitive ; and consequently that the absence of

certain features, which when present are correlated with an active habit, may, in

sedentary forms, be due not to degeneration, but to the persistence of an original

state. The argument for the primitiveness of a sedentary habit has recently been

presented by Willey (57) ; it would be superfluous, therefore, on my part to discuss the

point, or even to repeat at length his presentation of the subject ; all that can be done

is to transcribe a few passages to indicate the character of his argument, and for the

rest to refer the reader to his book,

Willey, writing from a physiological point of view, divides animals into phanerozoic

(diurnal, positively heliotropic) and cryptozoic (crepuscular, nocturnal, and subterranean

—in general terms, negatively heliotropic) forms, and states that the animal kingdom

as a whole seems to show negative phototaxis. "A journey through any tropical

forest or jungle, or even a little reflection, will, I think, suffice to convince one that

while the vegetation is luxuriantly phanerotactic, animal life is predominantly crypto-

tactic. The jungle is like the desert and the ocean, to all superficial appearances

frequently devoid of animal life. This is possibly not the impression which one would

receive from the perusal of faunistic works ; but it is certainly that which is produced

by observations in the open, and I regard it as one of the radical bionomical or habitual

differences between animals and plants."

And later, "it is doubtless in virtue of this singular property of concealment that

so many of the primitive forms (he is speaking of the Arthropoda) have survived at the

present day to be at once the delight and bewilderment of the systematist. " " Predatory

aquatic animals . . . may be described as phanerozoic ; but we may confidently assert

that in all cases a definite cryptotactic bias of varying intensity could be demonstrated."

Finally, " the basic quality underlying all animal life is the cryptic, the fear of the sun."

This tendency to concealment is, of course, related to the sedentary habit ; but about

the latter there is more to be said. " The remarkable prevalence of the sedentary habit

amongst the lower {i.e. invertebrate) animals seems to indicate that something

peculiarly primordial lies at the back of the phenomenon." Fixation is an extreme

form of the sedentary habit ; the principle which lies at the back of both is expressed

in the term " stereotropism " {i.e. the tendency to cling to a surface), invented by J. Loeb.

" Many cases amongst the Annelid worms could be instanced where stereotropism

and pleotropism (the free-swimming habit) exist side by side, the latter frequently only

manifesting itself at the breeding or swarming season, as with epigamous Nereids."

Eisig's observations have shown that free swimming results from a g-reater violence

of the same movements that are used in crawling ;
" when the amplitude of these

undulations surpasses a certain magnitude, the rapidity of movement is thereby increased

to such an extent that the animal rises from the bottom and swims through the water,"

EisiG concludes that the stereotropic movement (on the bottom) is secondary as

compared with the pleotropic movement (through the water), and is derived by
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inheritance from swimmers ; in the same strain, referring to Amphioxus, he says that

however primitive one may hold its organisation to be, yet nobody will assert that its

limbless body and its predominantly cryptoid locomotion represent archaic features.

WiLLEY, however, disagrees with Eisig :
" I am unable," he says, " to follow these

conclusions myself, as I approach this matter independently from a cryptozoic and

stereotropic standpoint " ; Willey would thus presumably derive the free-swimming

habit of, say, Phyllodocids from crawling locomotion, of which it would merely be an

exaggerated development. Finally, he reaches " the conclusion that just as all divisions

of the animal kingdom display a cryptozoic bias, so do they all show a statozoic

tendency" (Statozoa = sedentary animals). "The sedentary habit is referable to a

stereotropic basis, and pelagic or pleotropic forms belonging to groups which are

predominantly sedentary, have had a probable statozoic origin."

If the above line of reasoning is correct, the absence of parapodia, i.e. of organs of

active locomotion, in the sedentary forms will not be, as is perhaps generally assumed,

due to degeneration ; it will be a primitive feature. In other words, the sedentary

Polychseta have never had parapodia. And, in fact, well-developed parapodia occur

in only a relatively small minority of the families of Polycheeta ; and in these again

it is only a portion which have the double-branched parapodium, consisting of

notopodium and neuropodium, which, in the form in which it occurs in Nereis,

constitutes the type of the organ which is presented to the student. Parapodia (I

refer, of course, to the outgrowths of the body-wall, not to the setse) are, moreover,

quite unrepresented in the related groups of the Archiannelida and Oligochseta.

From the facts of their occurrence, therefore, it would appear that they represent a

development within the Polychsete stem, and have attained to their full size and

differentiation in only a few of the topmost branches of that stem.

But if the parapodia are a secondary and a comparatively late development, it need

hardly be said that the same is not the case with the groups of setse which accompany

them. These are found, in corresponding positions, in certain of the Archiannelida

and in all Oligochseta, and represent, therefore, a character of the common ancestor

of the Chsetopoda. They are the primary locomotor organs ; in general, the animal

works itself along by securing a hold on the substratum by means of its setse, and

then using them as levers. The degree of activity possible to the animal is deter-

mined by the size and strength of the setse and the degree of development of the

muscles which work them, and is thus correlated with the presence and size of the

parapodia. The typical positions for the groups of setse are dorsolateral and ventro-

lateral ; it can hardly be doubted that in many earthworms, where the dorsal bundle

is placed at the level of or below the horizontal diameter of the body, we have to do

with a secondary shifting.

It follows from the manner in which the setse are employed, that in the material

environment of the ancestral Chsetopod there must have been something for the

dorsolateral setse to work upon, equally with the ventrolateral ; and this could only be
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the case with animals living in crevices, with the dorsal surface covered over in some

way ; there would otherwise have been no possibility of the dorsolateral setse obtaining

the purchase which is necessary for their effective use. It appears necessary to suppose,

therefore, that the ancestors of the Chsetopoda, and the original representatives of both

of the larger groups (Oligochseta and Polychgeta), lived in crevices or crawled about

under cover—were, to use Willey's term, cryptozoic.

In the course of evolution the sedentary habit which is associated with the

cryptozoic life became in some representatives of the Polychseta more pronounced

;

these developed into such tubicolous forms as the Serpulids, whose large feather-like

gill-tufts are an adaptation to an extreme form of sedentary existence. In other

members of the group the sedentary habit was to a considerable extent, or at certain

periods of the life-history, altogether abandoned. In correlation with the assumption

of more active habits, the muscular mechanisms of locomotion became better

developed ; and the result has been the appearance of distinct parapodia,—projections,

largely muscular, of the body-wall,—associated with the setae, the primary locomotor

organs : an interesting parallel is seen in certain Rotifers with highly developed

locomotor capabilities, where seta- like hairs are accompanied by muscular excrescences

of the body-wall resembling parapodia. In extreme cases the lobe-like parapodia

themselves are more effective as locomotor organs than the setae, since they can be

used as oars in swimming movements through the water ; one may recall Eisig's

observations, quoted by Willey (vide ante), that swimming locomotion through the

water results from a greater violence of the same movements as are executed in

crawling. In Tomopteris the setae have disappeared along with crawling locomotion,

and the animals are pelagic.

To turn for a moment to the Oligochaeta : the earthworms are noteworthy because,

as has been mentioned, the dorsolateral group of setae has sunk down to, or below, the

horizontal diameter of the body. What the occasion of this was, it is difficult to

conjecture ; it does not seem very probable that on taking to a terrestrial existence

the evolving earthworms abandoned the cryptozoic mode of life so far as to adopt the

habit of creeping mainly on the surface, and not in crevices. But whatever the

occasion may have been, it is interesting to observe that the latest modification of setal

distribution restores the original condition, in which a number of setae were situated

in the dorsal quadrants of the body-circumference,—though with a difference. In

many, indeed in the majority, of the Megascolecidae, the most highly differentiated and

most variable family of earthworms, the setae have broken loose from their customary

positions, and have spread in a more or less complete ring all round each segment,—

a

perfect adaptation to the cryptozoic habit, to life in crevices.

It will be admitted that probably no single representative of the present-day

Polychaeta comes anywhere near the ancestral form, and that both errant and sedentary

branches have diverged, perhaps widely, from their common progenitor. In each

branch certain primitive features have been retained ; in each branch certain secondary
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modifications have arisen. Thus the Sedentaria are modified, as compared with most

errant forms, in the frequent reduction in number of the nephridia, in the differentiation

of the body-segments so as to form two or even three distinct regions, and in the

great development of the respiratory apparatus at the anterior end. But the purpose

of the last few pages will have been accomplished if, by the considerations I have

adduced, I have been able to show that the more sedentary Polychseta retain a number of

ancestral characters :— (l) in their sedentary and markedly cryptozoic habit
; (2) in the

correlated absence or slight development of the parapodia, and in the absence of jaws

and teeth
; (3) in the anatomy of the circulatory system ; (4) in the general occurrence

of intestinal respiration, and perhaps in the greater physiological value of the posterior

end of the body,—and, though these characters will make their appeal with different

degrees of force in different cases, to render it probable that the Sedentaria have a

better right than the errant members of the group to be recognised as the present-day

representatives of the ancestral form.
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XV.—Glaciology of the South Orkneys *
: Scottish National Antarctic Expedition.

By J. H. Harvey Pirie, B.Sc, M.D., Geologist and Surgeon. (With Fourteen

Text-figs, and Eleven Plates.)

(MS. received May 26, 1913. Read June 2, 1913. Issued separately December 2, 1913.)

Glaciation of Graham Land.

The glaciation of the South Orkneys is very similar in its general character to that of

Graham Land,t and it will be convenient, before going on to the detailed description,

to give a short summary of already published accounts of the glaciers of that region.

Previous Descriptions.

[a) Argtowski.—It is to AngTOWSKi thhX we owe the first modern and accurate

description of the glaciation of this region. He describes (l) the general appearance of

these ice-sheets seen from a little w^ay off as that of a great mass of snow heavily

heaped against the mountains. The surface, however, has a slope far too gentle to

produce the eff'ect of a suspended glacier of the Alps or even of the channels of Tierra

del Fuego. Elsewhere (2) he gives details of several varieties of ice-caps and suspended

coastal glaciers (" glaciers adoss^s ou c6tiers "), which, from the excellent descriptions and

plates (v., vii., viii., ix., and x.), leave no doubt that the ice-sheets of the South

Orkneys are of a similar type.

There are no ice-carapaces on the small islands around Laurie Island similar to

those on I'ile Louise and I'ilot Bob, and the climatic conditions are not such that it is

likely they occur elsewhere in the South Orkneys ; but the stage seen on I'ile Emma, a

series of n^ve-fields with concave surfaces " rien autre chose qu'une suite de champs de

n6v6 tels qu'on les voit partout dans les regions montagneuses, au-dessus du niveau des

neiges perp^tuelles, la oii les glaciers prennent leur origine," is paralleled in the

South Orkneys.

Fields of neve, says ARgTOWSKi, heaped against mountain flanks and ending at the

sea in a cliff" of ice form a type of glacier peculiar to the Antarctic. They may end at

high-water mark or they may plunge into the sea. Many are exactly comparable with

Alpine neve-fields, only without the outflowing glacier. They may form a continuous

strip along the coast when joined to one another laterally. They may be partly

* A Glaciological Map will be published in the Geography volume of the Scottish National Antarctic Expedition

Reports.

t The name West Antarctica has recently been given to this region by Dr Otto Nordenskjold. Graham Land is

here adopted as being of older standing, namely, 1831. The older name given by BiscoE to the whole of this land-

mass is therefore here retained.
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regenerated glaciers (as, for example, on Wiencke Island), ice coming down from a

high inland ice-cap.

(6) Nordenskjold.—Nordenskjold (3) classifies ice-forms as follows :

—

(i.) Glaciers of the coastal belt and shelf.

Masses of n6v6 and ice whose forms owe their characters to the action of the sea

and the peculiar features of the coastal zone.

{a) Shelf-ice, such as the Great Eoss Barrier and the shelf off Oscar Land.

(6) Ice-foot glaciers which are formed of layers of stratified neve-ice formed in situ

through the action of wind and avalanches as well as by pressure, and which lie in the

zone between sea and land (see his text, pp. 115, 116, 177, and 178; also plates

iii. and iv.).

Laurie Island is so small that the greater part of it may be said to lie within the

coastal zone, and many of its glaciers certainly correspond with this type.

(ii.) Continental glaciers. Inland ice.

(iii.) Transitional forms between continental ice and mountain glaciers.

{a) Ice-caps of the Norwegian type.

(6) Real piedmont glaciers [Malaspina type],

(c) Spitsbergen type of glaciers. Almost completely ice-covered mountain regions,

which from a distance show a regular ice-horizon like that of true inland ice, but in

which the ice conforms in outline to the underlying country. Some of the hill-tops

may be uncovered as nunataks, but the majority even of the steep hills are completely

ice-covered, although their form is still to be made out under the ice.

Parts of Laurie Island would come under this definition, and probably the glaciation

of Coronation Island is more extensively of this type.

(iv.) Mountain glaciers.

(c) Gourdon.—Godrdon (4) gives the following characteristics as common to all

forms of Antarctic glaciers :—Nev6 over their whole extent down to sea-level ; crevasses

rare except at escarpments ; surface moraines practically non-existent ; whole mass of

the glacier showing stratification ; termination by a vertical ice-cliff" at the sea. The

land relief, etc., gives rise to various types, and his classification of glacier forms (rather

different from that of Nordenskjold) is as follows :

—

(i.) Glacial ice-caps, including

—

(a) Inland ice.

(h) Small ice-carapaces such as occur on some low Antarctic Islands [e.g. Wauwer-

mans Islands).

(c) Much of what Nordenskjold calls the Spitsbergen type.

(ii.) Glaciers properly so-called.

(a) Valley glaciers.

(h) " Flat " glaciers (fragments of ice-caps occurring where there is a considerable

area of expanded plain between the mountains and the sea).

(c) Small suspended cliff glaciers.
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(iii.) Piedmont glaciers. Under this heading he includes such apparently divergent

forms as (a) shelf-ice like the Ross Barrier, and (b) the type called by ARgxowsKi " slope

glaciers" or "suspended coastal glaciers" ("glaciers adosses ou cotiers," " gehiinge-

gletscher"), and by Nordenskjold, " ice-foot glaciers." These all form a high terrace

along the sea border, and have no separate zone of accumulation. With regard to group

(b), he states that they are the most characteristic Antarctic form—in the west of

Graham Land they form a continuous terrace all along the coast, save where the moun-

tains plunge directly into the sea. They terminate in a cliff from 15 to 20 m. high,

have a uniform surface covered with snow, a gentle slope to the shore, and a surface

showing a concave curve up to the hills behind. The terminal ice-face, as with other

Antarctic glaciers, shows well-marked horizontal stratification ; crevasses are rare, but

vertical or zig-zag fissures are common. These glaciers are all breadth, their length in

the direction of flow being always short, simply the distance between the sea and the

mountains behind. They are nourished by local precipitation, occasionally also by ava-

lanches from the hills above. Their potentiality is a simple function of the plasticity of

ice—when that tends to be passed blocks fall otf and equilibrium is re-established.

(iv.) Ice-foot. A transition form between terrestrial and marine ice formations.

(d) Hohhs.—HoBBS (5) sums up briefly the characters and classification of the types

of ice formation with which we have to deal in the South Orkneys. " Where the islands

are higher, the snow either wholly or in part is blown by the wind from the higher

surfaces into the lee of the hills and thus forms a fringing zone of the ice-foot. Such

a fringing ice-foot is illustrated by Sturge Island of the Balleny Group to the north

of Victoria Land (6). The ice-foot surrounding a land mass represents a type of

fringing glacier not unlike those described by Chamberlin and Peary from Northern

Greenland (7). For long distances these marginal bands of rather steeply sloping

snow and ice bound the elevated land, and have in consequence been called by Otto

Nordenskjold ice-foot glaciers. They are obviously built up from drift snow, and

have a definitely stratified structure (8). These ice-foot glaciers are what ARgTOWSKi

has described as slope glaciers {gehdngegletscher (9), and Gourdon as 'piedmont'

glaciers (10).

" Upon the larger islands of Graham Land there are found thin bodies of inland

ice through which the rock peaks project as nunataks. This type of southern glacier,

resembling as it does some of the ice-caps of Spitsbergen, has been designated by

Otto Nordenskjold the Spitsbergen type."

SOUTH ORKNEYS

Whilst the local variations in type and character of the South Orkney glaciers

depend mainly upon topographical conditions, to which reference will be made

immediately, their main features are determined by the prevailing climatic conditions.

The climate of the Antarctic regions as a whole may be summed up as one where
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the level of perpetual snow extends down to sea-level, and the summer temperatures

even are so low that they are but rarely above freezing-point. It follows that there

is no division of the glaciers into a zone of accumulation or formation and one of

ablation or melting, their whole extent falling within the accumulation area. The

two factors mentioned are those mainly responsible for the characters of the glaciers

of this region, characters which are peculiar to the Antarctic.

Climate.

The South Orkneys are a little different from other parts of the Antarctic of which

we have particular knowledge in their more oceanic position and comparatively

low latitude (61°), although much lower latitudes (54°) are not incompatible with a

condition of complete glaciation, as witness the case of Bouvet Island (11).

The following is a brief summary of the leading meteorological factors with a

bearing on ice formation—from Mobsman (12).

Temperatures.

Mean annual temperature, 22° '7 F.

Mean temperature of February (the warmest month), 31°'5 F.

Mean temperature of July (the coldest month), 12°*0 F.

Seasonal means:—Spring, 23°"3 F. ; summer, 31°*0 F. ; autumn, 22°'6 F. ; winter,

13°-7 F.

Summer mean daily range, 1°"3 F., indicating an oceanic character of climate, the

islands being surrounded by more or less open sea.

Winter mean daily range, 9°"1 F., indicating a continental character of climate,

the surroundings seas being more or less completely frozen over.

Number of days in each month during our stay at the South Orkneys in which

the mean temperature of the day was 32° F. or over :

—

April 3 August 1 January 15

May 3 September February 18 (out of 21)

June 2 October 5

July 1 November 5

Winds.

Annual percentage frequency :—N. 10-9, N.W. 36-1, W. ITl, S.W. 12-5, S. Q'l,

S.E. 9-5, E. 2-1, N.E. 27, calm 5-3, var. 07.

Mean temperatures of the different winds (April to October 1903):—N. 24°"8,

N.W. 26°-9, W. 23°-9, S.W. 7°-4, S. 5°-2, S.E. 5°-6, E. 8°-l, N.E. 22°-4, calm 11°'0.

Fohn winds occur at Laurie Island with winds from W.N.W., in which direction

there is a considerable area of high land over which the wind has to pass before



GLACIOLOGY OF THE SOUTH ORKNEYS. 835

reaching Scotia Bay. The descending current, warmed dynamically by compression,

may produce as high a temperature in midwinter as in midsummer. Thus on 31st

May 1903 the shade temperature at 1*15 p.m. rose to 46°"8 F.

Sunshine.

Total Hours Per cent, of Days with
Eecorded. Possible. None.

1903.

May 26-7 17 19
June 3-7 4 22
July . 12-8 8 22
August . 35-7 14 21
September 75-5 25 13
October 58-5 16 8
November 89-4 21 7
December 73-3 15 5

1904.

January .... 49-0 10 14
February .... 45-7 13 11

March .... 20-4 7 14
April ..... 25-8 11 15

Yeai 516-5 14 171

Precipitation.

" The measurement of the precipitation proved to be impossible owing to the

frequency of drift which prevailed throughout the greater part of the year. Except

in summer, when the downfall was in the form of rain, the gaugings are unsatisfactory.

Nevertheless, one is able to say that in spite of the general humidity of the atmosphere

and the frequency of snow, the precipitation is small. The actual results for the

eighteen months ending with December 1904 show a downfall equivalent to 10 '50

inches of rain per annum, but I incline to the belief that from 15 to 17 inches would

more nearly represent the actual amount, as much is lost when the snow is drifting.

The greatest quantity falls in summer, and is equivalent to nearly 40 per cent, of

the annual quantity. Daily falls exceeding half an inch are very rare, there being

only two such during the period under review.

" The following table shows the number of hours of precipitation in each month

;

the last column gives the number of days on which snow, sleet, hail, or rain fell, and

the number of times the snow was drifting is added for comparison " :

—
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Hours of Occurbbncb.

Snow. Hail. Sleet. Rain. Total.
Snow

Drifting.

Days with

Precipita-

tion.

1903.

April .... 119 2 32 48 201 51 25

May 175 6 8 53 242 129 25

June 205 7 6 24 242 118 26

July 167 5 7 26 205 166 30

August . 218 3 8 49 278 132 27

September 166 3 10 15 194 113 22

October

.

168 1 21 10 200 65 26

November 124 5 13 37 179 60 26

December 212 3 6 28 249 , 109 29

1904.

January 133 3 17 87 240 28 29

February 103 5 14 89 211 15 26

March .... 104 4 31 53 192 26 29

Total . 1894 47 173 519 2633 1012 320

Snow-Line.

The position of the snow-line or level of perpetual snow is one of considerable

interest. In the region visited by the Belgica, according to ARgxcwsKi (13), although

it comes down to sea-level as a general rule, this is not the case everywhere, as, for

instance, in Hughes Bay. Gourdon (14) states that in the Antarctic the snow-line is

everywhere at sea-level, even as far north as in the South Shetlands, in the latitude of

62°. The areas free of snow are insignificant ; they are for the most part places where

the wind removes most of the snow and permits the sun's rays to be felt sufficiently

to melt all that remains. Nordenskjold (15) shows that the question of the position

of the snow-line is a complex one, and cannot always be determined with certainty. It

depends not merely on climatic factors, but also upon such conditions as the strength

of the winds, the topography of the land, and the nature of the rocks (areas composed

of sedimentary rocks seem to be less ice-bedecked than others). The " actual snow-

line " in the northern portions of Graham Land is often at sea-level, but may be from

200 to 300 metres above it in places. The "theoretical snow-line" (or "climatic

snow-line," the influence of the wind being eliminated) at Snow Hill is, according to

his observations, practically at sea-level. A degree south of this, in the neighbourhood

of the Seal Nuuataks, it is certainly at sea-level, as is proved by the presence and

peculiar nature of the shelf-ice there.

In the South Orkneys there are in summer considerable portions of land free from

snow, even of comparatively level ground on which snow could quite well accumulate.

On the smaller islands, and on level ground lying open to the sun and winds, much

indeed of the low-lying ground is free from snow in summer, although there is always
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plenty to be found even at sea-level in more sheltered and less exposed spots. What

may be called "the theoretical or climatic snow-line" [i.e. the level above which

accumulation is equal to or greater than the amount lost by melting, evaporation,

or transformation into ice on level, freely exposed areas, where there is no undue

accumulation through wind drift, but also where, on the other hand, the snow is not

swept off to a great extent) is probably some little distance above sea -level. Actually,

and practically, from the point of view of ice formation, in which wind-drifted

accumulations play a considerable part, the level of perpetual snow may here be taken

as coming right down to the sea-level.

Topography of Laurie Island.

The South Orkneys present the features of a dissected upland, whose main outlines

probably owe their origin to glacial action when the land stood at a higher level,

although the present-day rock features are largely the result of sub-aerial weathering,

and the rock- shattering action of frost.

More recent depression of the land has left exposed merely the top of a carved and

fretted mountain ridge, whose main axis extends in an east to west direction for a

distance of about seventy-two geographical miles measured from Cape Dundas, the

easternmost point of Laurie Lsland, to the western extremity of Coronation Island.

Circumstances, however, only permitted of a close examination of the glaciers of Laurie

Island, the most easterly member of the group, and the following descriptions must

be taken as applying merely to this island, unless expressly stated to the contrary.

The period during which there was opportunity to study the glacial conditions

extended from 25th March 1903 to 21st February 1904, almost eleven months.

Laurie Island is composed entirely of Silurian sedimentary rocks, principally grey-

wack^s. Its longest axis stretches in an approximately east to west direction, with a

number of narrow peninsulas branching off on both sides. These run in a N.W.-S.E. to

N.N.W.-S.S.E. direction (corresponding to the line of folding of the rocks), and have deep

bays between them. A steep serrated ridge runs as a backbone along a great part of

the island, with subsidiary comb-like ridges branching out into the various peninsulas

on either side, and these in their turn have sometimes a second series of smaller

diverging rock ridges. Most ridges end in a more or less precipitous cliff at the sea.

Except towards the eastern end of the island, where the backbone dies down, there

is no central high level plateau on which an ice-cap can develop. There is merely the

narrow slope between the hills and the sea, an area which, in the case of the South

Orkneys, has recently been somewhat increased in extent by an uplift of the land

to the amount of about 15 feet. This sloping coastal zone is in many parts of a

sufficiently gentle gradient to allow snow to accumulate and ice to form. In other

parts, especially at the ends of ridges, the rock face comes down almost sheer into the

sea, and even along the length of the hills there are often projecting rock bosses or

secondary ridges which cut into the available area.
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Ice-Sheets or Glaciers of Laurie Island : General Characters.

The effect of this configuration of the land is to produce a number of entirely cut-

off or partially detached ice-sheets of a roughly semicircular or crescentic shape, sur-

rounding the head of each bay, and extending for a variable distance along their sides

(Plate III.). On the wider lateral peninsulas the ice-sheets may extend well out

towards their apices, but rarely in the shape of a continuous terrace, being generally

divided by projecting spurs of rock into small separated ice-sheets. Through cols and

gaps in the hills (of the main or of the subsidiary ridges) the glacier of one bay may

become continuous with that of another on the opposite side of the island, or with

its neighbours on the same side (see Plate XL). The dividing ridges are in many

places so steep that the ice does not reach to their summits ; in others there is an ice-

covering up to the top of even the highest hill-tops. At the eastern end of the island

the central ridge is covered to such an extent that there is one continuous ice-cap over

the area from Brown's Bay to the base of Ferrier Peninsula, the outlines of underlying

hills still being, however, easily discernible. This part clearly corresponds with

Nordenskjold's Spitsbergen type of glaciation ; most of the other ice-sheets belong to

the type first described by ARgTOWSKi from Gerlache Strait as " suspended coastal

glaciers," later by Nordenskjold as " ice-foot glaciers," and by Gourdon as " piedmont

glaciers," or are intermediate in character between them and the Spitsbergen type.

The accompanying figures show diagrammatically the relationships presented

between these ice-sheets and the land in a number of imaginary sections across the

island. These ice-foot glaciers form an interrupted terrace all round the coast with, in

3. 4.

Text-fio. 1 gives a diagrammatic section across the island at sncli places as 1 .... 2, 3 .... 4, .').... fi,

7 .... 8, and 11 .... 12. See map, Plate I. This is simi)ly AugrowsKi's diagram, on p. 485 of the

Antarctic Manned, of a slope or ice-foot glacier on the coast of a large mass of land, with the other side of the

mountain shown, since we are dealing here with a narrow island with ice-foot glaciers on both sides.

In Text-fig. 2 we have the appearances at such places as 9 .... 10,13 .... 14, and 15 .... 16, i.e. a section

throtigh a col where the ice-sheet on one side of the island becomes continuous with that on the other ; or across

the eastern part of the island where the central ridge is low and comj)letely ice covered.

Text-fjo. 3, as at 17 ... . 18, and Text-fig. 4, as at 19 ... . 20, represent rathei' unusual circumstances,

inasmuch as the ice does not reach the sea but ends on land with a terminal moraine.

their typical form, a terminal vertical face about sea-level. From the central mountain

ridffe or from the ice-shed to the terminal front the maximum distance is about two
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miles even at the heads of bays, where the ice-sheets attain their fullest development.

Along the sides of the bays the length of the ice-sheets, i.e. the length in the direction

of flow, may be taken as being more commonly under than over half a mile. Their

width, however, is often considerably greater than their length. Since the ice but

seldom occurs in the shape which we associate with the classical description of a glacier

(glaciers properly so-called, such as Alpine valley glaciers), I have used, as a rule, the

term " ice-sheet " as being more correctly descriptive, although the term glacier has

occasionally been used as an equivalent. Goukdon's term of "piedmont" glacier is

literally accurate in describing these ice-sheets, but it introduces confusion by using a

term which has already been ear-marked as descriptive of glaciers which are really of

quite a different type. Nordenskjold's term of ice-foot glacier is probably ^ on the

whole, the best title for this particular type of ice-sheet, as it emphasises the resemblance

between them and the snow formation which, although at a lower level and on a much

smaller scale, also forms a terrace round Antarctic lands, viz. the ice-foot (see p. 848).

Details of Structure.

These ice-sheets may be divided into three parts—the initial steep portion on the

upper hill slopes ; the main part, more nearly level ; and the terminal ice-cliff or snout,

as the case may be.

High Slopes.—-The first portion is very steep, and may extend right up to the

summit of the hills or dividing ridge, but more commonly it commences some little

way below the top ; it may have a slope of as much as 25° or 30°. It is sometimes

marked off from the second stage by a well-defined " Bergschrund," but whether this is

commonly the case or not I do not know, as the surface snow-covering was usually so

perfect that all crevasses were bridged over. In the instances where one was noted it

was never of any great width (see Plate IV. fig. 1).

Snow-caps.—Snow-caps accumulate on the tops of some of the hills either merging

into the initial high slopes or forming cut-off snow-caps above the generally glaciated

level. This material is dissipated to some extent by melting and ordinary flow, but is

largely got rid of in the form of avalanches on to the more level portions of the ice-

sheet below (see Plate VII. fig. 1 ). I examined several blocks that had fallen from such

positions, and found them to have a well-marked stratified structure, formed of alternate

layers a few inches thick of blue transparent ice and white opaque n^ve-ice resembling

exactly the uppermost layers of the glaciers themselves, as described later (see p. 856).

Like the glaciers in Spitsbergen described by Garwood and Gregory (16), these

ice-foot glaciers therefore do not drain snow-fields ; the snow passes directly into the

condition of nev6-ice and glacier-ice. This can be seen very well in the crevasses in a

col. Looking down one of these there is seen first a layer several feet thick of

alternating thin bands of blue ice and white neve-ice, the latter gradually become

thinner and thinner until, a very little way below the surface, there is nothing but

layers of ice, still, however, containing a large proportion of air-bubbles and not of the
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deep blue colour seen in many of the tabular Antarctic icebergs, or even so deep in

colour and solid in structure as the bottom layers of these same ice-sheets as seen

on the terminal faces. The explanation of this direct conversion of snow into

ice is, I think, to be found in the meteorological conditions of the locality referred

to on pp. 842, 843.

Main Poi'tion of Glaciers.—The second and main part of the glaciers extends

downwards from the Bergschrund, and forms a gently sloping terrace between the hills

and the sea.

Winter Snow and Surface.—The surface of this more level portion of the ice-

sheets is throughout practically the whole year covered with snow. The snow which

falls in winter below temperatures of about 10° F. ceases to have the form of large

feathery six-rayed flakes, and consists of small dry powdery granules. It very quickly

becomes hard and firm in consistence through wind packing, and within a couple of

days, if there has been no subsequent fall of snow, will show erosion forms. This

erosion is brought about by the snow itself blown by the wind. At temperatures below

about 0° F. the snow is actually gritty like sand, and when blown by the wind, as it is

almost constantly with low temperatures, it forms something like a sand-blast on a

small scale. Large sastrugi are formed more as a result of wind drifting and accumula-

tion than of erosion, although secondary erosion may occur on the sastrugi themselves.

The usual erosion forms noted were shallow irregular-shaped areas, leaving correspond-

ingly irregular patches standing out a few inches above the general surface. The

typical barchan shapes described by Vaughan Cornish (17) were not observed. Where

the snow had been still more compressed, as, for instance, by the passage of a man on

ski, after one or two days, the erosion would result in the ski-tracks standing out like

a couple of rails about an inch above the surrounding surface.

Thin streaks of ice quickly appear in the surface snow from the melting which

occurs even in winter at times when the temperature is above melting-point (see p. 834).

Summer Surface.—In summer the whole surface becomes on warm days or in the

strong sun one huge wet, soft, granular n^ve. On foot one sinks into this in the day-

time although it makes a good enough travelling surface on ski ; at night a hard crust

forms which makes an excellent surface for travelling. Only on the more sloping

glaciers, where accumulation is probably less and ablation by the draining off of melted

snow more complete, does the snow coating entirely disappear in summer, leaving

exposed hard glacier ice. Examples of this which may be quoted are some of the small

glaciers on Mossman and Pirie Peninsulas, and the snout of the Scotia Bay ice-sheet

ending on The Beach. This summer melting gives rise to small rills of water running

in shallow grooves in the ice, but usually soon disappearing down tracks or crevasses,

and small streams are to be met with in places issuing from below the terminal ice-

cliffs apparently purely the result of surface melting. These are not numerous,

however, and are always quite tiny in size, the largest actually observed being not

more than a foot across and rather less in depth.
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Surface Slopes.—The general surface of the ice-sheets is an undulating one, and

evidently conforms fairly closely with the underlying ground—more so in some places

than in others,—but so far as was seen, with one exception, the slope is always down-

wards in the direction of flow. This exception is in the case of the ice-sheet at the

base of the west side of Pirie Peninsula, where there is a slight reverse slope near the

termination. There must be some rising ground underneath, for the ice is much
crevassed. The glacier as a whole may be travelling uphill for a distance of several

hundred feet, but the total rise on the upper surface does not, I think, exceed 20 feet.

It was not possible to measure it exactly.

Crevasses.—Generally speaking, crevasses are rare in this portion of the ice-sheets

save in cols and when approaching the terminal ice-cliff, and even in the latter situation

they are comparatively insignificant in size. The crevasses are nearly all transverse

in their direction. Longitudinal crevasses (or cracks, rather, for they were scarcely

open) are to be seen in the " Half-Moon Glacier," on the west side of Scotia Bay (see

Plate v.). Possibly they would be found in other situations if the surface snow

disappeared to a sufficient extent to enable them to be seen. During the winter the

crevasses are nearly all bridged over by snow, and even in summer many of them are

also, so that they may really be more numerous than appears.

Snow A.cctjmulation.

The conditions of precipitation and accumulation at the South Orkneys are not

quite the same as those described by Nordenskjold at Snow Hill, where he says (18) :

" Aucun d^pot de neige ne s'est produit en hiver. Aussitot tombee, la neige etait

balayee par le vent. Au contraire, durant I'ete 1902-3, le revetement de neige

augmenta notablement, d'environ 0"30m. a 0"35m., et, en novembre 1903, lorsque nous

avons quitte la station d'hivernage, cette augmentation persistait." At Wandel Island,

according to Gourdon (19), the precipitation occurs chiefly in spring and summer.

At the South Orkneys, although it is perfectly true that the frequent and violent

winds do sweep a great deal of the snow which falls in winter off" the glaciers on to

the ice-floe, still a very considerable proportion of the winter's fall is here retained for

reasons given below.

According to Mobsman (see p. 835) about 40 per cent, of the precipitation at the

South Orkneys occurs during the summer months, December to February, but accumu-

lation on the glaciers, as judged by the depth of the surface layer of snow, is certainly

not at its maximum during this period. A series of measurements was taken of the

snow depth at a point near the top of the ice-snout ending on The Beach. This place

was freely exposed to wind and sun, and the accumulation there in the winter was

probably less than in many places, although, on the other hand, the melting there in

summer was, from observation, distinctly greater than in most places. The results at

this spot were as follows :—On 5th May 1903 a measuring peg was set up ; at this date
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there was a layer 10 inches thick of granular neve (probably accumulated during March

and April), with solid glacier ice below. On 27th May the depth had increased io 18

inches. The highest point reached on the stick probably did not much exceed, if at

all, 30 inches ; the highest actually noted was 29 inches on 27th November. From this

date onwards it gradually fell to 24 inches on 18th December, to 15 inches on 1st

January 1904, to 6 inches on 12th January, and to zero on 10th February. These data

are shown graphically in the accompanying figure. This means that by 10th February
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Text-fig. 5.—Accumulation and ablation of snow on glacier at Scotia Bay 1903.

the whole season's accumulation had melted ; but in that respect it does not give a fair

representation of the general state of matters, for over the greater part of the ice-

sheets the year's precipitation forms a new stratum of neve-ice. It may be mentioned

for comparison that the depth of accumulation about the centre of The Beach, probably

about as fair an average as could be found, rose to 36 inches. The 30-inch accumula-

tion on the glacier represents a considerable precipitation, as it consisted not merely of

packed snow but of a mixture of dense granular neve and neve-ice.

Tkansformation of Snow into N:eve and Ice.

This state of affairs is brought about by the comparative frequency with which the

air temperature rises to 32° F. or over. The table on p. 834 gives the number of days

in each month on which the mean temperature of the day was 32° F. or over. In

addition to these, there were many days on which the temperature rose to 32° F. or

over for a part of the day. Slight falls of rain were also not infrequent at the South

Orkneys (see p. 836). During such warm periods a certain amount of the surface

snow is melted, and by subsequent freezing into ice becomes, as it were, fixed, and is

thus prevented from being swept off by the wind on to the sea ice.



GLACIOLOGY OF THE SOUTH ORKNEYS. 843

The geographical position of the islands near the northern edge of the ice-pack and

within the area of the " brave west winds " explains the frequency of these compara-

tively high temperatures. North-west winds were those most prevalent, as the

meteorological data show. Abnormally high temperatures, as high as 46° '8 F., occur

sometimes, even in midwinter. These are due to Fohn winds, which were experienced

occasionally with W.N.W. winds when the air had passed over the higher land of

Coronation Island. This effect was therefore a local one, and would not be met with

in the western part of the group.

These meteorological conditions, I think, explain the diflFerence between the

accumulation of snow here and at Snow Hill as described by Nordenskjold.

It may be that similar conditions prevail in Spitsbergen, where Garwood and

Gregory (I.e.) say : "We were forced to the conclusion that under Arctic conditions

snow may be converted into ice without pressure, and that the existence of glaciers

does not necessarily postulate the existence of great snow-fields." On the other hand,

of course, the conditions in the South Orkneys are not the same as those prevailing in

the Antarctic further south.

Glacier Terminations,

Where the ice-sheets end on land above high-water mark, the second stage passes

insensibly into the third, or terminal snout. Although most of the South Orkney

= vertical cliff

,^-N = SJtTOlff

Text-fig. 6.— Glacier with snout and cliff endings.

glaciers end in a vertical cliff of ice, I regard the tapering snout as being their typical

mode of termination, where they are left free to end untruncated by the sea, and this

habit of snout termination is an indication that the glaciers are either stationary or

actually receding. The vertical ice-cliffs are not analogous to the " Chinese walls " of

some of the Greenland and northern glaciers, which are in a state of advance. That

they are entirely due to the action of the sea is shown, for instance, by such a small

ice-sheet as that coming down to the north coast, a little to the east of Uruguay Cove,

of which a diagrammatic plan is given above. In front of this ice-sheet termination are

three small rocks. At each of these the termination is by a snout, but between them
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by a vertical ice-cliff washed by the sea at high-water. The rocks are very low, and

were the glacier advancing it would easily override them, and end in one continuous

cliff of ice, where the sea either broke it off by floating up or by undermining. That

the glaciers here are now either stationary or retreating is further borne out by the

moraines and by some exposed rock surfaces.

Terminal Ice-Cliffs.

As the terminal cliff-faces give the best available sections of a glacier, it is

unfortunate that the conditions for studying them were not more favourable. When

we entered Scotia Bay on 25th March the lower parts of the ice-cliffs bordering it

were entirely hidden to a height of some 30 or 40 feet by an accumulation, composed

partly of blocks fallen from the cliffs, but mainly of drift snow. The presence of this

showed that during the summer 1902-03 the ice in the bay had been very late in

breaking up (probably only a few days before our entry), and also that there had always

been enough pack-ice around the islands to prevent any swell getting into the bay to

break up the land-floe and wash away this talus. This, in fact, we experienced when

trying to approach the islands in the beginning of February 1903 ; and, when looking

for a harbour on 24th March, heavy pack-ice extended from south and west right up to

the islands. In the spring of 1903 the land-floe broke up on 23rd November, but it was

not until the end of January 1904 that any part of the sole of these glaciers was

exposed, and even on the 22nd February, when we quitted the South Orkneys, there was

still a considerable amount of the talus left in places. This accumulation must therefore

have been in position at least from early in 1902 till the time we left, i.e. two years—

a

good indirect proof of the slow rate of motion of these glaciers.

The trifling amount of ice-falls from the cliffs witnessed during the winter season

of 1903 and the summer 1903-04 is another indication of their slow movement

(see p. 854).

As the ice-cliffs around Scotia Bay were naturally those best examined, and were

in point of fact the only faces in which the whole depth of the cliff was seen, a more

detailed description of them may be given, but with local modifications it would apply

to the ice-cliffs in general around the island (see Plate VI.).

The terminal cliff of any particular ice-sheet is usually remarkably regular in height,

varying in different cases from about 60 to 160 feet, but running, as a rule, and as in the

case of the Scotia Bay ice-sheet, about 120 or 130 feet. Although in plan appearing

usually as slightly concave or as a series of curves, concave towards the sea, the face at

any particular point is usually fairly flat, with few crevasses, and the irregularities of

its surface are small. The clifl" is either vertical or slightly overhanging, especially in

the case of the top portion. The whole face shows a very even horizontal stratification.

The upper layers are composed of granular neve, with thin bands of ice \ inch to

2 inches in thickness ; on a broken-off" piece the line of demarcation between the n6v6

and the hard glacier ice is not absolutely sharp, though there is a place where the change
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is rapid, and near this line the ice bands in the neve are gradually getting thicker and

closer set. The depth of this top layer is about 8 feet. On some smaller glaciers, such

as that shown in Plate VIII. fig. 1, the separation between the nev6 and the ice is very

sharp. This is due to the fact that the stratification of the latter is not quite hori-

zontal, the layers being rather higher at the sides than in the centre. On larger sheets

the separation is marked mainly by the overhang of the surface layers.

Stratification.—Below these granular neve-ice layers we come to the main part of

the cliff, formed of strata of ice varying in thickness from about 6 inches to 1 foot, or

occasionally as much as l|- feet. There is no sign of any projection of any of these

layers such as might be caused by one stratum sliding bodily over its fellow below.

The layers are not definitely formed of alternating blue and white bands, all being much

alike in density and colour. They are light blue and contain numerous air-bubbles.

On cutting into the ice a little way, however, so that a surface is obtained which has

not been exposed to the sunlight, the ice is found to be much more solid than appears

on an exposed face. The appearance usually observed is undoubtedly partly due to

disintegration (see further notes on ice-grains, p. 847). Near the sole of the glacier

the ice becomes extremely solid, but never attains the intensely deep-blue colour so

characteristic of some of the large tabular bergs. Above the level of the snow talus

there is not much englacial debris to be seen—a very occasional boulder, but principally

only fine earthy material and small angular fragments under half an inch in diameter.

Some of this material is actually in the ice layers, but most of it occurs as a dirt band

between them. On melting, this material gets washed down fairly evenly over the face,

giving one an exaggerated impression of the amount of dt^bris and a false idea of its

position, but the real state of affairs can at once be seen on a newly fractured face.

These are layers of " fossil cryoconite," as Nordenskjold calls them, and show that each

of the strata corresponds to a season's snowfall. Similar material was seen on the

surface of the Scotia Bay ice-sheet in summer—small rocky wind-blown fragments and

earthy matter derived from the surrounding hills. These led to the formation of the

usual shallow dust-wells around each particle.

Although outcropping horizontally on most terminal faces, in the section of the

glacier exposed on the east side of Uruguay Cove where the section is semi-longitudinal

to the direction of flow (see plan on p. 850, text-fig. 10), the stratification is seen to be not

Text-fig. 7.—Upward inclination of strata towards glacier snout terminatioB.

quite horizontal but rising slightly towards the termination. There is no sudden upturn-

ing of the layers at the end, as described by Chamberlin in some of the North Greenland

glaciers, but the section shows how even in such a small ice-sheet as this there may be

some uplift of bottom material. That it actually does occur to some extent is shown,

I think, by the fact that in the small moraine at the end of the snout in which this
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glacier terminates on The Beach, a striated stone was found near the top of the moraine

at a height of about 30 feet—a rare occurrence in the South Orkney moraines. The

bottom layers of the ice-sheets were only seen in a very few places on account of the

persistence of the snow talus.

Sole of Glacier.—Near the head of Scotia Bay, on the east side of Mossman

Peninsula, three small parts were exposed ; in two the lowermost ten or twelve feet

of the glacier were thickly studded with earth and small stones, all angular and none

seen with striae. The stratification of the ice could still be made out, though

indistinctly. In the third place, there was comparatively clean ice down to within

2 feet of the bottom, then there was more debris than ice. In no case was there

any difficulty in locating the sole of the glacier where it rested directly on absolutely

uncontorted beach material. It was all moving [sic] ice full of debris, not stationary

" ground-moraine " full of ice. There was no shearing of the upper clear layers

over the debris-bearing layers nor amongst the latter themselves.

On the east side of Uruguay Cove the sole was visible in two places— (1) near

the snout termination, where the lower ten or twelve feet were charged with debris

similar to that just described
; (2) at the point marked X on the ground-plan on p. 850,

text-fig. 10. Here the total distance traversed by the ice could not have been more

than a few hundred feet, and the ice was clean right down to the bottom, very solid

(no air-bubbles), and with no visible stratification. There were some few small stones

and boulders up to 2 feet in diameter, but no earthy material or rock-flour. The

stones were angular or sub-angular, but some had small strise on them. Small pools,

however, collecting at the foot of the cliff' show that a little fine silt is being brought

down by the trickles of water coming from under the glacier. The beach material

was washed away from one spot here, and underneath it there seemed to be a bluey

clay not unlike the boulder-clay of this country, although containing more stones.

It must be remembered, however, that this coast has recently been rising, and this

may quite well be a marine deposit and not a sub-glacial one.

Ice-Grain.—At this point also were seen the only well-developed ice-grains that

I came across. The drawing, text-fig. 8 (to scale, natural size), for which I am

indebted to Mr W. A. Cuthbertson, artist to the Expedition, shows the appearance as

seen on the vertical terminal face. The largest grain measured was exactly 2 inches

across. As the beach was partly scooped out below the glacier, I managed to crawl

underneath to have a look at the arrangement of the grains in the horizontal plane.

It was very different. The grains were all drawn out and arranged in sweeping

curved lines whose general direction was that of the flow of the glacier. Some of

the grains were as much as 4 inches long and only ^ inch broad. The bounding

planes were, as a rule, curved, not flat. Where a boulder was embedded in the ice

the arrangement of the grains was disturbed, and they were drawn out along lines

somewhat in the manner shown in text-fig. 9.

These ice-grains are only to be made out on a fresh surface. On returning tlie
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day following that on which those figured and described above were seen, in order

to photograph them, it was found that as a result of the strong sun which had been

Text-fig. 8. —Glacier grains.

i

Text-fig. 9.—Lines of glacier grains seen under the sole of a glacier.

Disturbed where a boundary is embedded in the ice. Arrow

marks direction of flow.

shining on the ice-face, the surface had become translucent white and granular,

instead of being a clear transparent blue as before, and the well-defined grain outlines

were only to be seen in the shade underneath the sole.

TRANS. ROY. SCO. EDIN., VOL. XLIX., PART IV. (NO. 15). 115



848 BR J. H. HARVEY PlRlE ON

Another structure visible at the same time and place as these ice-grains gave

rise to an appearance reminding one of the surface of a section of honey from an

ordinary bar-frame hive, although on a larger scale and not so regular. In other

words, the ice-face presented a series of shallow depressions separated by definite

ridges. These ridges and depressions were quite independent of the glacier grains,

the lines of junction between the grains crossing the ridges and depressions indis-

criminately. The size of this set of markings was larger than that of the grain.

This pitted appearance of the ice had also disappeared on my return the subsequent

day, the surface then being more like that of a sheet of emery paper somewhat

magnified. On breaking a block of the ice which had shown this appearance, I was

unable to obtain it on any of the fresh surfaces thus produced, and as no opportunity

occurred again of witnessing it or experimenting, I was left in doubt whether it

was a melting phenomenon or due to the manner in which the ice split off when

breaking on a large scale. As I have not come across any mention of such an

appearance, I have thought it worthy of mention in the hope that further observation

may clear up its nature.

The only other place where glacier grains were ever observed was on one occasion

on some fallen blocks at the Half-Moon Glacier. They were not very distinct,

but seemed all to be on a much smaller scale than those figured above, few exceeding

^ inch in diameter.

Ice-Cliffs and Sea-Level.

The situation of the terminal ice-cliffs in relation to the sea-level is one of

considerable interest. During the winter it could not be precisely ascertained owing

to the presence of the snow talus, but it was suspected to be, at all events, not far

below high-water mark on account of the position of the tide cracks. The main

crack was always at the ill-defined junction between the land-floe and the snow talus

;

below this there were usually several subsidiary cracks, and occasionally these ex-

tended some distance seawards. When this was the case subsequent examination

in summer when the floe was gone revealed a beach or a series of skerries showing

up at low tide. When the land- floe had gone in summer, it was found in Scotia

Bay that the foot of the ice-cliff's was situated just about high-water mark. The

cliff was washed by the sea only at full tide ; at low water a beach of varying width

was exposed, along which it was possible to travel to examine the clifts, and on which

in winter the snow talus had accumulated.

The conditions in Wilton Bay were precisely similar and, judging from the

winter appearances, I should say hold good for all the glaciers on the south side

of the island.

On the north side, at the head of MacDougall Bay (and possibly also at the heads

of Brown Bay and the two coves between Watson Peninsula and Cape Vallavielle),

the ice-sheet comes further down, the sole never being exposed, as the clifl" is
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constantly lapped by the sea. It was not found possible, unfortunately, to measure

the depth of water in front of the ice-cliif. The sides of these bays, however,

resemble Scotia Bay in having a beach between the cliff and low-water mark ; in

one place this was as much as 80 yards wide. The glacier at the head of MacDougall

Bay comes down more steeply than the Scotia Bay ice-sheet, and presumably

has a greater rate of motion, enabling it to push its way further out against the

solvent and breaking action of the sea, but it is not large enough to give rise to an

iceberg of any size—certainly not to a tabular berg. No calving was seen in

MacDougall Bay or Brown's Bay during our three weeks' boat journey on the north

coast, and of the ice falls seen there, or in Scotia Bay, I do not think there was ever

a single piece larger than, say, an ordinary tramcar. Even such falls, however,

give rise to considerable noise, resembling that of a cannon shot. The falls were

very infrequent ; some, pieces that were overhanging and partly cut off by a wide

gaping crevasse at the top when we came to the South Orkneys were still in the

same position when we left eleven months later. This is a further proof of the

slow rate of motion of these glaciers, and it is interesting to compare this state of

affairs with the statement in the Challenger Reports, that on Heard Island, situated

about 8° further north, the fall of ice was nearly continuous, and that, according

to AR9TOWSKI, on the west side of Graham Land the thunder of falling ice was

continuous.

Snout Terminations on Land.

Where the glaciers terminate on land their typical ending is in the shape of a

spit or snout. The best example of this is where the Scotia Bay ice-sheet ends on

the raised beach—" The Beach "—between Scotia Bay and Uruguay Cove. Others

are the various spits or snouts which interrupt the ice-cliffs in places, for example,

in Wilton Bay, in Brown's Bay, and those already referred to on the north coast

a little to the east of Uruguay Cove ; also along the greater part of the west side of

Scotia Bay. The snout ending on The Beach, which was the great exercise-ground for

ski-running during our wintering, is shown in the ground-plan, text-fig. 10, on p. 850.

The snout has a length of about 400 yards. At the top the slope merges into the very

moderate slope of the general part of the ice-sheet, but gradually increases up to a

maximum of 18°, then decreases again, the average being from 12° to 15°. At the place

marked by an arrow, when sinking a hole for ice thermometers, the air vesicles in the

ice were observed to be drawn out into an GH^" shape, the point being in the direction

of the head of the arrow. To reach the north corner of The Beach the direction

of the ice-flow must therefore have curved considerably, indicating a degree of

plasticity which is difficult to reconcile with the rigidity shown by the ice-cliffs.

The snout was covered with snow throughout the greater part of our stay. Only in

February did the upper part of it show hard glacier ice on the surface, although later on

photographs taken by the first Argentine party show that the snow covering melted
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over a considerable part of the snout. For this reason the stratification seen on the

vertical cliffs was not seen outcropping here. The extreme end was always hidden by

snow-drifts, and partly also by a small terminal moraine.

The spits which break the regularity of the ice-cliffs here and there do not project

any great distance beyond the general line of the cliff. They are narrow and steep, and

have always some solid rock showing up at their termination. In some cases this is

part of a ridge extending inwards underneath the ice, influencing there the contours of
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the upper surface of the ice-sheet. In others there is no evidence in the contours of

such a sub-glacial ridge—-merely the terminal rock boss.

Along the west side of Scotia Bay the ice-sheet is very short, and may almost be

described as being all snout with a steepness of slope as much as 25°. Part of it ends

on a raised beach and has a large terminal moraine, then there is a break of 100 yards,

where the part of the ice-sheet I have called the " Half-Moon Glacier" reaches high-

water mark and develops an ice-cliff. South of this again is a snout termination, with

some moraine, but mainly coming down just to sea-level. The south west corner of the

bay, inside Point Martin, terminates in a fine cirque occupied by a small glacier with,

comparatively, an enormous moraine, which in summer dams back a small pool—it is

too small to call a lake—behind it. No Bergschrund could be seen, even at the

height of summer, in this cirque, so that no evidence was afforded of the sapping action

at the head wall of a cirque described by American geologists.

Moraines.

1. Surface.

One or two small surface moraines occur where there are nunataks, or hills covered

by a thin skin only of ice, e.g. on the eastern ice -sheet near Ferrier Peninsula, but the

material soon becomes englacial, for it cannot be traced for any distance below the

nunatak. The same applies to the single boulders which are not uncommon at various

parts on the ice-sheets close below the dividing hill ridges.

2. Lateral.

A small lateral moraine is formed at one place near Point Thomson, on the west

side of Brown's Bay, where the glacier abuts against a rocky bluff", but instead of

sweeping round it with merely a shallow moat-like depression, from melting by radiation

from the rock as is usually the case in such situations, develops a small vertical ice-face

Text-fig. 11.—Lateral moraine with terracing.

with a moraine at its foot. This moraine shows terracing, being made up of three

parallel rows of debris superimposed on each other. A section would be like the sketch

in text-fig. 11 (see also Plate VIII. fig. 1). The material composing this moraine is

particularly noteworthy, inasmuch as it contains many water-worn rolled pebbles similar

in appearance to those of the raised beaches. None of the material is striated. The

height above sea-level is about 60 feet. This is the only instance where this kind

of evidence of elevation of the land has been obtained at such a height.
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3. Terminal.

The terminal moraines of the Scotia Bay glaciers are all formed of angular stones

with a small quantity of earthy material. Strise were seen on only one boulder in the

moraine at the end of the snout on The Beach.

On the west side of Scotia Bay one of the moraines reaches a height of about 100

feet. The terminal slope is between 30° and 35°, and the top of the moraine is higher

than the ice abutting against it. Text-fig. 12 shows the appearance that would be pre-

Text-fig. 12.—Terraced moraine with (?) retreat of the ice.

sented on section. The appearances suggest rather that the ice had retreated than that

they were merely the result of heat reflection and melting. Not a few rocks were seen

on the surface of this ice-sheet above this moraine, and very likely most of the material

in the moraine has travelled on or near the surface from the rocks projecting above the

ice in the hill ridge above.

The large moraine in the cirque at the south-west corner of Scotia Bay rises to a

height of nearly 150 feet. It is composed of similar large angular rocks and stones, with

an admixture of finer earthy matter. Some of the larger pieces were as much as

8 feet in diameter. In the shallow water between the foot of the moraine and the island

off it are many large boulders, evidently derived from this small glacier. The moraine

shows three main terraces, the highest rising considerably above the level of the ice

ending behind it. A fourth is commencing to form at a still higher level on the upper

side of the pool which forms in summer above the third terrace, the water coming from

the melting of the surface snow on the ice above (see Plate VIII. fig. 2).

Large terminal moraines have formed to the west of Cape Vallavielle in connection

with the eastern ice-sheet where the ground rises towards the coast, but at the time

they were visited both they and the ice-sheet in their neighbourhood were still

completely snow-covered, and little could be made out of their characters beyond noting

that they were of large size.

Ice Advance or Retreat.

The South Orkney ice-sheets agree with the general rule that glaciers ending in

snouts are either receding or stationary.

The latest earth movement in this region has been in favour of the land to a

vertical extent of some 15 feet, as witnessed by the various raised beaches and sea-

caves around the coasts. After this elevation there must have been an advance of

the glacier ending on The Beach, but the snout there is now, I think, practically
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stationary. That it is not in actual retreat is shown by the absence of any morainic

stuff beyond its termination. Direct measurement failed to bring out any advance in

eight months, but the movement of these glaciers is so slow that measurement over a

longer period may show some.

On the west side of the Bay there has been little or no advance over the raised

beach there. The ice-sheet there is such a short one that, under the present conditions

of precipitation and gathering ground, it has, I think, attained its greatest possible

development, and is now stationary if not actually retreating slightly, as the character

of the moraine would seem to indicate.

The terracing and elevation of the moraines in the cirque inside Point Martin and

that near Point Thomson point more definitely to some recent shrinkage of these

particular glaciers.

Evidence of a former much greater extension of the glaciers is not wanting, and

in this respect the South Orkneys are like all other portions of the Antarctic regions

from which reports have within recent years been obtained. They are, at the present

time, comparatively lightly glaciated compared with what they must have been in a

previous " great ice-age " or " glacial period."

In the first place, the whole outline of Laurie Island is suggestive of ice action and

sculpturing on a scale much greater than that which the present-day glaciers could

accomplish.

Secondly, the presence of numerous roches moutonnees and islands of rounded

outlines all round the coast testify to the past greater extension of the ice. Of these

may be mentioned the island in Scotia Bay inside Point Martin, which is about 30

feet in height, and separated by a channel which is only about 3 feet in depth at low

water. Its general outline is well rounded, and there are grooves on the surface which

can only, I think, owe their origin to ice action. Actual striae were not found, but

this is hardly to be wondered at in a region of rapid rock shattering. Near the head

of Fitchie Bay is another island with similar features, indicative of the passage of an

ice-sheet over it. Delta Island, which is now cut off from the mainland by a channel

nearly ^ mile wide and 10 fathoms deep, has a similar rounded outline, and on its

summit, 90 feet high, I found several rounded boulders of a type of greywacke-

congiomerate not found in situ on the island, but occurring on some islets lying to the

north-west in the direction of the head of the bay, and on the mainland nearly oppo-

site. An extension of the ice-sheets large enough to override Delta Island cannot

be accounted for by either increased precipitation or lessened wastage, taken conjointly

with the present configuration of the land. For such a condition to have been possible

the land must have stood at a considerably higher level than it does at present.

Previously, therefore, to the latest movement or movements of elevation of the land,

there must have been one of much more extensive depression.

•f
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Rate of Glacier Movement.

Presumptive evidence that the rate of movement is very slight is afforded by the

persistence of the snow talus in front of the ice-cliffs ; by the infrequency of the ice

falls ; and by the long continuance of pieces of ice at the terminal front apparently

just ready to fall but remaining in such a position of unstable equilibrium for months

on end.

An attempt was made to ascertain the rate of motion by direct measurement by

setting up fixed marks on The Beach and on the snout of the glacier ending thereon.

The measurements were not taken by triangulation but by linear measurement, a

method which is not very satisfactory, as variations were introduced by the differing

amounts of snow-drift present on the snout, and at the foot of it. Even after making

Brass tube sunk in fhe olacJcr

Rock, on alacief neaTfoot of sJioul'

Pixed marU on
The liench

Copelaiid

ohservcztory

Text-fig. 13.—Fixed marks on The Beach and glacier snout ending thereon.

due allowance for this, the difference between the figures of 28th April 1903 and

12th February 1904, a period of 9^ months, is so small that it might well fall within

the limits of error of observation, and it cannot therefore be said that direct measure-

ment shows any perceptible movement in this glacier. For the sake of data extending

over more lengthy periods, the above plan, text-fig. 13, of one or two fixed marks may

be serviceable to future observers.

Glacier Temperatures.

Observations on glacier temperatures were made daily on the Scotia Bay ice sheet,

140 feet up on the snout ending on The Beach. Three thermometers were used—one

sunk to the level of the snow and ice junction ("shallow") ; one 2 feet into the solid
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glacier ice ("intermediate") ; and the third 4 feet into the ice ("deep"). The depth

below the actual surface, of course, varied with the accumulation of snow, increasing

up to a maximum about the month of October, and diminishing rapidly in summer (see

text-fig. 5, p. 842). Thus the shallow thermometer varied from 18 to 30 inches below

the surface of the snow ; the intermediate from 2 feet 8 inches to 4 feet 6 inches ; and

the deep one from 4 feet 8 inches to 6 feet 6 inches. The thermometers used were

of the ordinary British Meteorological Office pattern of earth thermometer, i.e. hollow

metal tubes with thermometers slung from the caps. For this sort of work these are

not very satisfactory. When the cap was taken off to read the temperature it was

impossible at times to prevent the drifting snow from blowing into the tubes, and this

occurred to such an extent as finally to block some of them, and render readings for

a time impossible, so that there is a hiatus in the observations. Moreover, as the

tubes had necessarily to project some way above the surface to allow for increase of

snow accumulation, the air column in the interior, with such a variable external air

temperature^ must have varied more than the surrounding ice, so that the readings

of the thermometers probably did not give accurately the temperature of the ice at

that particular level. Had the thermometers been protected by a small wooden box

or house, it might have been better ; but the ideal method would be platinum resistance

thermometers, with the registering apparatus under cover some little distance off".

Another drawback to the pattern employed is that during warm spells melting went

on at the sides of the tubes, and the water trickled down, so that temperatures actually

above 32° F. were sometimes registered by the shallow thermometer even in winter

—

a state of affairs which could not, of course, correspond with the true temperature

of the snow or ice at that level. The actual figures obtained are shown plotted on

the chart (Plates II. A and II. B), along with the mean daily air temperature in the

shade for the same periods.

The great irregularity of the air temperature (in winter) makes it rather difficult to

trace the progress of a temperature wave through the ice, but it would appear as if it

reached the shallow thermometer at the junction of the snow and ice within twenty-four

hours ; the intermediate or 2 -foot thermometer in about forty-eight hours, and the deep

or 4-foot one in about five days.

From May to September the mean daily shade temperature of the air varied from

— 21°"8 F. to 34°'2 F., whilst the temperature at the snow and ice junction varied

from 2°*9 F. to 34°*0 F. ! Two feet below the surface of the ice the variation was

from 12°'6 F. to 27°-0 F., and four feet into the ice from 16°-9 F. to 25°-9 F.

In October there was a steady rise in the air temperature and in that recorded by

the shallow thermometer (the other two were not at this time in working order).

Between November 1903 and February 1904 (both inclusive), the mean daily air

temperature only varied between 22° '2 F. and 37°*7 F., and the shallow thermometer

between 27° "9 F. and 32° '2 F. A temperature of 32° F. was permanently recorded

in the shallow thermometer after 15th December until 1st January 1904, when the tube
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had become so loose in its bed by melting, that it was removed. In the case of the

intermediate one, the temperature was steadily at 32"" F. after 4th January until its

removal for the same reason on 1 2th January ; and in the deep one, which varied

between 29° "2 F. and 32° F. during the summer months (December to February), from

13th February until the observations ceased on the 18th.

Two observations were made with a self-registering meteorograph lowered down a

crevasse on 6th February 1904. The first was in the case of a fairly wide and open

crevasse with the instrument lowered to a depth of about 50 feet for eleven hours. The

temperature curve during this time did not vary a tenth of a degree Centigrade, being

just over zero, the hygrometer reading at the same time being between 98 and 99 per cent.

In the second crevasse, which was much narrower and more covered in, the instrument

was lowered a distance of about 60 feet, and left down for nine hours. The thermograph

curve was exactly similar to that in the first instance, although the air in the crevasse

was evidently drier, the hygrometer reading being from 90 to 91 per cent.

An interesting phenomenon was noted by Dr Bruce on 7th May, and witnessed by

myself and some other members of the staff a few hours later. A white cloud of

condensing water vapour was seen arising from a crevasse near the edge of the ice-cliff

just north of the ship's winter quarters. At the time Dr Bruce heard a cracking noise,

and attributed the appearance to a sudden widening of the crevasse, with escape of

comparatively warm air, the contained moisture condensing as it mixed with the colder

air above, which at the time was about — 3° F. This points to a permanent temperature

probably not much below 32° F. in the deeper portions of the glaciers.

Further Notes on Individual Glaciers.

" Half-Moon Glacie7\"

On the small terminal face which forms at one part of the ice-sheet on the west side

of Scotia Bay (see Plate V.), and which I have termed the Half-Moon Glacier, there was

at the time of our arrival to be observed some departure from the normal even

horizontal stratification. This ice-face is about 100 yards in length and slightly concave

in ground-plan. There is well-marked stratification visible both on the face and on the

snout slopes at either side, as these were largely uncovered with snow in the summer

and autumn. The layers were very regular, about 10 to 12 inches in thickness,

sloping down evenly parallel to the upper surface of the ice-sheet, and cropping out

horizontally on the half-moon face, except near its southern end. Here there was some

faulting along a plane running obliquely upwards from north to south, with contortions

in the ice layers similar to, although on a much smaller scale than, those described by

Chamberltn (20) and by Drygalski (21) in some of the Greenland glaciers as indicat-

ing differential rates of movement. The reason for this irregularity was not obvious.

The glacier has only a length of about ^ mile from the hill ridge above to the sea, and

there was nothing in the surface contours to indicate any great irregularity in the
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underlying rock surface. The layers were all of similar density and appearance, with no

shearing of one over another. In the lowermost eight or ten feet there is a good deal

of englacial debris, chiefly as a dirt band between ice layers. This contorted and faulted

appearance disappeared later on after a fall of ice, the new surface exposed not

showing it.

Allan Glacier.

This small glacier, on the west side of Uruguay Cove (Plate VII.), occupies a fine

deep cirque shut in on three sides by high vertical cliffs, entirely cutting it off from

any of the surrounding ice. Its terminal front is divided into two by a partial

nunatak. On the larger southern face the stratification is seen horizontally, with

nothing unusual to distinguish it from other glaciers. The northern part shows

the layers bent upwards, where they end against the nunatak and to a less extent

also against the northern side wall (Mount Ramsay). In the centre they are sinuous,

moulding themselves closely to the irregularities of the rocky bed. The rock peeps

Text-fig. 14.— Ice-cave under termination of Allan Glacier.

out in several places below the terminal face, and in one spot a cave is left between

the ice and the lee side of a rock boss. This cave extends back for some 30 feet,

the rock-floor sloping sharply upwards and backwards. The ice-roof has been

moulded very exactly to the rock behind, and has kept a marked fluted aspect,

while projecting free in a beautiful curve over what may be some day the lee side

of a roche moutonnee. Several transverse fissures 4 to 5 inches in width run

right across the roof of the cave. The ice is clear, but containing a fair number of

rock fragments, all small and angular, although some show striae. On the floor

there is much earthy morainic matter. The temperature of the cave the only day

on which I was inside it felt very much warmer than the outside air, which at the

time was a little under zero Fahrenheit, but I had no thermometer with me to

measure it accurately.

Clijf Glaciers.

Small cliff glacierettes of incipient glacier ice are not infrequent at various places

around the coasts on narrow rock terraces above precipitous cliffs (see Plate IV.

fig. 2, and Plate IX. fig. 1). A particularly well-developed one is to be seen on

the west side of Mossman Peninsula overhanging Wilton Bay. This shows strati-

fication like the larger glaciers, except that it is not horizontal but undulatory.
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conforming closely to the irregularities of the underlying rock. These glaciers may

end either in a snout, in which case they look just like a slab of ice plastered against

the clift', or, in the case of the slightl)' larger ones, in a small ice-cliff high

above the sea.

Mackenzie Peninsula.

The glaciers here were not closely investigated. They appeared to be in the

main separate ice-sheets completely cut off from each other by the steep central

hill ridge and lateral spurs, and in all cases ending in an ice-cliff at high-water

mark. Solid rock was visible below the ice-cliff in places. The ice-sheet at the

head of Wilton Bay extends round on to the base of the west side of Mossman

Peninsula, where it forms a narrow, steep ice-foot glacier between the central

dividing ridge and the sea. There is a small spit or snout interrupting the cliff

face near its southern end. This ice-sheet does not extend far from the head of

the bay, being limited by a sharp rock wall, and south of this point the slope is too

steep for anything beyond one or two cliff glaciers.

Mossman Peninsula.

On the Scotia Bay side of Mossman Peninsula there is a glacier extending a

great part of its length. The south-west side of "The Beach" is bounded by a

line of cliffs about 400 feet in height, with a small plateau between them and the

central ridge. On this the glacier starts. The remainder of this ice-sheet has

already been described (see pp. 851 and 856).

Mount Ramsay.

This is a good example of a flat-topped mountain covered by an almost completely

cut-off ice-cap from which small avalanches are not uncommon both in winter and

summer.

Scotia Bay Ice-sheet.

Many of the features of this glacier, lying to the north and east of the Scotia's

winter quarters, have already been described. Above Point Moreno, where a spit

interrupts the cliff face, lies what we usually spoke of as the " N.E. moraine." Very

probably it really is loose rocks on the top of a nunatak just emerging from a

ridge extending down from the spur above to Point Moreno. The ice slopes fairly

well up the main ridge of hills to the north. This ridge is cut across by two cols,

one filled with the ice leading to the glacier on the north coast, east of Uruguay

Cove, the other at a higher level to the ice-sheet on the west side of the base of

Pirie Peninsula. The slope up to this latter col is easy and even on the Scotia

Bay side, but on the other the descent is steep and terraced, and probably in the

height of summer would be found to be badly crevassed, although as late as the

end of November we found no difficulty in crossing through.
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The ridge running in from Point Davis bounding this ice-sheet on the east rises

very abruptly from the ice, there being practically no high slope of the ice against it.

Round the base of several of the peaks there is a well-developed moat, partly due to

the action of the wind, partly to melting by reflection of the sun's heat rays.

Mill Cove.

The glacier in the eastern half of this cove, hemmed in between high steep rock

walls, becomes continuous at a fairly low level with the ice-sheet at the head of Brown's

Bay. The central dividing ridge has been completely cut across (? by cutting back of

the head wall of a cirque on either side through the sapping action going on at the

bottom of the Bergschrund (22) ). It would not take very much depression of the land

to result in a shallow strait at this point. Eock is visible below the terminal ice -cliff.

Aitken Cove, West of Cape Wliitson.

The glacier ending in an ice-cliif at the head of Aitken Cove occupies a large cirque,

which is entirely closed by a high vertical wall.

Meihuen Cove, East of Cape Whitson.

Here again, as in Mill Cove, the head wall of the cirque, part of the central main

ridge of the island, has been worn down, so that the ice-sheet becomes continuous with

that on the north coast, although not at quite such a low level as in the case of

Mill Cove.

Head of Fitchie Bay.

At the south-west corner of this bay is a small glacier which is the nearest approach

seen in the South Orkneys to an alpine glacier draining a snow-field. Occupying a

small and fairly steeply sloping narrow depression between two spurs of rock is a snow-

or neve-field, with a narrow glacier tongue coming out and ending in a cliff at sea-level.

This cliff, unlike most others of the islands, is greatly crevassed, and has all the appear-

ances of coming down a steep rock slope. Actually at the head of the bay is an ice-

sheet, cut off in part by rock ridges from the eastern ice-sheet. Its commencement

is on the steep high slopes of Mount Rottenburg, which it completely encases in an icy

covering.

Eastern Ice-sheet.

This ice-sheet, extending from the base of Ferrier Peninsula to the head of Brown's

Bay, is a good example of the Spitsbergen type of glacier, covering practically all the

land, but so thin as to reveal the contours of the underlying terrain. In several places

it extends up and completely covers over hills of 800 feet or more in height. On the

south side its slope to the sea is rather steeper than on the north, and it ends in an

almost continuous ice-cliff extending along the north side of Fitchie Bay to opposite

Graptolite Island. At several of the inlets on the north coast it also ends in an ice-
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cliff, and in some of them, indeed, this is able to push its way beyond high-water

mark (see p. 849) ; but elsewhere the ground is high, rising in a sheer cliff from the

sea (see text-fig. 3), and the ice ends on land, with some fairly large terminal

moraines. At the base of Ferrier Peninsula the ice simply gets thinner and thinner,

finally dying out entirely, but with little or no moraine. It becomes continuous with

the glacier ending in the cove to the east of Cape Whitson and with those ending at

the head of Brown's Bay,

Head of Broivns Bay.

Here, at the head of the bay, we have an example of something like the real

" piedmont " type of glacier or ice-sheet,—a continuous fringing glacier or ice-foot

glacier linking up the three separate glaciers which converge into it. The westernmost

of the three extends back up to the very summit of what is probably the highest hill

in the island.

Pirie Peninsula.

This broad peninsula is fringed by glaciers well out towards its apex. Spurs of

rock divide the ice into several more or less separated parts, but the ice on one side is

continuous with that on the other through several cols.

Ice-foot.

This, the transition between land and sea ice, forms a low terrace round the land

just above sea-level. A better name would really be the " snow-foot," because it is

composed of snow-drift accumulation at the junction of the land-floe with the land,

although thin strata of ice do form in it, just as in the superficial layers of the glaciers.

In places also where the land-floe has broken up after the accumulation of an ice-foot,

so that it is washed by open sea for a time—and this may happen once or even

repeatedly at some parts throughout the course of the winter,— it becomes soaked by

spray and water if not washed away, and may actually become much more of an ^ce-foot

in character.

Where the cliffs are steep and the water deep the ice-foot is only a very narrow

terrace, and at low tide there is a very distinct step down off it over the " tide crack"

on to the floe ice. Where the land slopes more gently and the water is shallow, the

transition from the sea ice to the land is almost imperceptible, and instead of one well-

defined tide crack there are a number of them extending over a distance of many yards.

At such places, as, for instance, at The Beach, the ice-foot left in summer, when the

sea ice broke up and drifted out, formed a broad terrace with a wall to the sea about

15 feet in height (Plate X. fig. 1). By the end of the summer this had nearly all melted

or been washed away. On rocky coasts the ice-foot was always much narrower and

usually of less height (see also Plate V. fig. 2).

The action of the ice-foot on the shore must be, in the main, a protective one. As

a transport agent little evidence was seen at the South Orkneys that it was of great
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account. An occasional piece of rock fallen from the cliffs above might be noted, but

there was nothing to be seen like the great accumulation of debris which has been

figured as lying on the ice-foot in some parts of the Arctic regions ready to be carried

ofi" when the ice-foot was broken and swept to sea in summer.

Sea Ice.

Although the sea around the South Orkneys is, as a whole, frozen over throughout

the winter, there was no time during our stay there when some open water could not

be seen, and the land-floe over the innermost part of Scotia Bay, inside of a line joining

Point Davis with Point Martin, was the only part which did not get broken up some

time or other during the winter.

In most places the floe was composed of old hummocky ice cemented together by

young bay ice, and the interstices between the hummocks more or less filled up with

snow (direct fall and drift from the land). Pressure ridges were to be seen in places,

the highest actually noted being in September on the outer side of Ailsa Craig, where

some of the ice was piled up against the rocks to a height of about 20 feet.

Some thicknesses noted of the one season's ice-floe were :— 15th June, Scotia Bay,

23 inches; Uruguay Cove, 18 to 20 inches, 15th August, Wilton Bay, 27 inches.

A considerable part of this thickness, however, represents snow accumulation on the

surface ; below this one comes on soft slushy ice, and not much more than the lower-

most third is composed of really hard ice. The greatest thickness of ice formed at

Wandel Island, as observed by Gourdon (23), was 25 cms.

The same author attributes marvellous transport activity to the land-floe ofi"

Graham Land, in the way of carrying off material which has rolled down on to it from

the clifls, and which has been frozen into it below from the beach or from the bottom

of shallow water (24). Practically no evidence of this form. of activity was noticed

at the South Orkneys, but it may be noted that two pebbles of granite with red

felspars (a rock not found in situ in the South Orkneys) were picked up on The Beach

at Uruguay Cove, evidently transported there through the agency of floating ice (pack-

ice or icebergs).

That pack-ice drifting with the tides and hurled hither and thither by the wind

and waves has a considerable action in the way of rock polishing is evidenced by the

accompanying photograph of rocks on the shore at Point Geddes (Plate X. fig. 2).

Some of these polished rock surfaces showed strise, indirect evidence of scratching by

stones frozen into the under surface of the pieces of floe ice.

Glaciation of Coronation Island.

But little can be said of the conditions here as, except for one landing for a few

minutes on its shore in Lewthwaite Strait, the island was only seen from the deck of

the Scotia coasting at some little distance ; and experience showed, in the case of Laurie
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Island, that fallacious impressions were apt to be obtained even from a mile off. So

far as could be judged, the land area is wider and higher than in the case of Laurie

Island, and at the same time more extensively covered by ice, giving rise to appear-

ances suggestive of the Spitsbergen type of glaciation. On the north coast there

appeared to be an almost continuous ice-cliff on which stratification was visible, but

it is highly probable that the coast is not really so flat as it seems from a little

distance, and that there may be considerable areas free from ice. We found this

difference between the distant view and an actual survey of the north coast of Laurie

Island. Dr Bruce informs me that he observed beaches in front of some of the ice -cliffs

when off the coast on 22nd March 1903, so that some of the glaciers at all events end

at high-water mark, as in the case of those on Laurie Island.

At the north end of Lewthwaite Strait, or Spencer's Straits of Weddell, near Cape

Bennett, a type of glacier was noted of which no example was found on Laurie Island,

viz. a glacier tongue evidently coming from an ice-cap above, coming down a steep slope

with extensive cascading and crevassing (see Plate IX. fig. 2).

Actually in Lewthwaite Strait, where we landed, the ice conditions looked very

similar to those which we subsequently found on Laurie Island.

Other Islands.

Dibdin's Island and Crutchley's Island are both large enough to nourish small ice-

sheets, and on the southern face of the eastern peak of Saddle Island there is a hanging

clift' glacier.
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EXPLANATION OF PLATES.

Plate 1.

n n. A.

5'
II. B.

n III.

» IV. Fi

Outline mtip of Laurie Island.

Curves showing glacier temperatures at various depths.

J> J! 1) )) ))

North-east side of Scotia Bay from about centre of west coast of the Bay, showing

characteristic " ice-foot glaciers " with cliff terminations.

IV. Fig. 1. Hill-top covered partly by snow, partly by ice ; with ice-fall on to more level portion of

ice-sheet below.

„ 2. Tiny cliff "glacierette."

V. ,, 1. Half-Moon Glacier, west side of Scotia Bay, showing whole length of glacier. Note
horizontal stratification and snout termination with small moraine to the right.

„ 2. Half-Moon Glacier—nearer view of south end. Note folding of ice layers. Ice-foot

and tide-crack in the foreground.

VI. „ 1. Snout termination of glacier on The Beach as seen from Uruguay Cove in winter.

,, 2. Summer aspect of terminal ice-clifi in Uruguay Cove. Photo taken at low tide.

VII. ,, 1. Allan Glacier occupying deep cirque below the ice-capped Mount Ramsay.

,, 2. Northern half of the termination of Allan Glacier with ice-cave. Stratification following

sinuosities of underlying rock.

VIII. ,, 1. Small termino-lateral moraine near Point Thomson. Note also surface snow layers over-

hanging ice strata below, which are somewhat concave.

,, 2. Large moraine with terraces of retreat, south-west corner of Scotia Bay. Scotia Bay ice-

sheet in background.

IX. ,,1. Cliff glacier on southern face of eastern peak of Saddle Island.

,, 2. Steep valley glacier coming down near Cape Bennett at north end of Lewthwaite Strait,

Coronation Island, apparently from "inland ice "in the interior.

X. ,, 1. Ice-foot on The Beach just after the break-up of the floe in Scotia Bay.

,, 2. Rocks off shore at Cape Geddes, showing rounding and polishing by floating ice.

XL Panoramic view of Brown's Bay, north coast of Laurie Island, taken from Point Thomson.
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Plate IV.

Fig. 1.—Hill-top covered partly by snow, partly by ice ; with ice-fall on to more level portion of ice-sheet belo
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Photos. J. H. H. Pirie.

Fig. 2.—Tiny clitf " glacierette."
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Plate V.

'titaftst..

Fig. 1.— Half-jMoon Clacier, west side of Scotia Bay, showing wlinle length of glacier, ^'ote huiizontal

stratitication and snout termination witli small moraine to the right.
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Photos. J. R. B. Pirie.

Fig. 2.—Half-Moon Glacier—nearer view of south end. Note folding of ice layers Ice-foot

and tide-crack in the foreground.
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Plate VI.

Fig. 1.—Snout termination of glacier on The Beach as seen from Uruguay Cove in winter.

Photos. J. H. B. Pirie.

Fig. 2.—Summer aspect of terminal ice-cliff in Uruguay Cove. Photo taken at low tide.
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Plate VII.

Fig. 1.—Allan Glacier occupying deep cirque below the ice-capped Mount Ramsay.

Photos. J. H. H. Pirle.

Fig. 2.—Nortliern half of the termination of Allan Glacier with ice-cave. Stratification following

sinuosities of underlying rock.
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Plate VIII.

Photo. W. S. Bruce.

Fig. 1.—Small termino-lateral moraine near Point Thomson. Note also surface snow layers overhanging
ice strata below, which are somewhat concave.

Photo. J. H. H. Pirie.

Fig. 2.—Large moraine with terraces of retreat, south-west corner of Scotia Bay. Scotia Bay
ice-sheet in background.
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PiRiB : "Glaciology of the South Orkneys."

—

Plate IX.

Photo. W. S. Bruce.
Fig. 1.—Cliff glacier on southern face of eastern peak of Saddle Island.

Photo. .J. U. H. Pirie.

Fig. 2.—Steep valley glacier coming down near Cape Bennett at north end of Lewthwaite Strait,

Coronation Island, apparently from "inland ice " in the interior.
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PiRiE :
" Glaciology of tlie South Orkneys."
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Plate X.

Fig. 1.—Ice-foot on The Beach just after the break-up of the floe in Scotia Bay.

Photos. J. H. H. Pirie.

Fig. 2.—Rocks off shore at Cape Geddes, showing rounding and polishing by floating ice.
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Flats XI.

I'uiitiruiun; view of Urowii's LSuj', iiuitl] cuiiat of L^iurio Ihland, Uikeu Iruiii Point TLomao
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XVI.—The Schizopoda, Stomatopoda, and non-Antarctic Isopoda of the Scottish

National Antarctic Expedition. By Walter M. Tattersall, D.Sc, Keeper

of the Manchester Museum, Communicated by Dr J. H. Ashvvorth.

(With One Plate.)

(MS. received June 5, 1913. Read July 7, 1913. Issued separately November 18, 1913.)

The present report deals with the whole of the Schizopoda and Stomatopoda in the

Scotia collections, and with those Isopoda which were taken in localities outside the limits

of Antarctica. I am indebted to the courtesy of Dr W. S. Bruce for the opportunity of

examining and reporting on these collections. The report on the Antarctic Isopoda is

being prepared by Mr T. V, Hodgson.

I also include a few notes on a small collection of Schizopoda which were taken by

the Discovery on its outward journey to the South Pole, for the opportunity of examining

which I am indebted to the kindness of Dr W. T, Calman, of the British Museum.

These latter records are most appropriately included here along with those of the species

which the Scotia captured on her outward journey, over very nearly the same ground. A
comparison is thus possible between the captures of the two expeditions over the same

ground and in two different years, and may be brought out in the following lists :

—

Discovery.

Sept. and Oct. 1901.

Siriella Thompsonii.

Thysanopoda tricuspidata.

Euphausia Krohnii.

,,
amev'icana.

,,
brevis.

,,
recurva.

,,
tenera.

,,
hemigibba.

,, gibboides.

,, lucens.

„ longirostris.

Thysanoessa gregaria.

Stylocheiron carinatum.

No fewer than seven of the species are common to the two lists, and these represent

the most abundant species in the tropical Atlantic Ocean.
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Scotia.

Nov. 1902-Jan. 1903.

Siriella Thompsonii.

Thysanopoda tricuspidata.

Euphausia americana.

,,
brevis.

,,
tenera.

,,
hemigibba.

,,
pseudogibba.

Thysanoessa gregaria.

Nematoscelis microps.
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Turning to the Antarctic Schizopoda, the results of the Scotia may be compared

with those of other expeditions in the form of a table, as follows :

—

Species.

Euphausia superba, Dana

,,
longirostris, Hansen

„ triacantha, H. and T.

,, friyida, Hansen

„ crystalloropllias, H. and T.

,, Vallentini, Stebb. .

Thysanoessa macrura, Sars

,, vicina, Hansen
Eucopia australis, Dana .

Hansenomysis antarctica, H. and T.

Antardomysis maxima, H. and T.

„ Ohlinii, Hansen .

Ptseudomma Belgicx, H. and T.

Dadylamblyops Hodysoni, H. and T
Mysidetes poslhon, H. and T. .

Boreomysis distinguenda, Hansen
Bnicei, W. M. T. .

French

Expedition.!
Belgica.

X

X

X

X

Discovery.
Swedish

Expedition.
Scotia.

X X
X

X

X X
X X
X
X X
X X X
X X

X X
X X
X X X
X X
X X
X
X X

X
X

I have taken the average limits of free and floating ice as the boundaries of the

Antarctic Regions. This limit for the South Polar waters was laid down by Dr Bruce*

in 1894, and is shown on a chart of the South Polar regions published by the British

Admiralty.

The French Expedition (Frangais) had its headquarters at Graham Land, a little

to the west of the Weddell Sea. The Schizopoda were described by Coutiere (1906).

The Belgica worked a little further to the west of the Frangais. The Schizopoda

were described by Hansen (1908).

The Discovery had its winter quarters at the opposite side of the Pole to the Scotia,

at Victoria Land. The Schizopoda were described by Holt and Tattersall (1906),

and Tattersall (1908).

The Swedish Antarctic Expedition (Antarctic), under Nordenskjold, explored the

region to the east of Graham Land, between the ground worked by the Scotia and the

Frangais. The results, as far as the Schizopoda are concerned, have not yet been

published ; but Hansen, in several of his recent papers, has recorded various species

belonging to the material of that expedition, and I have abstracted such records for

the purposes of the above table. (See note, p. 894.)

It will be seen, therefore, that the recent expeditions to the Antarctic have

explored that ocean between the Weddell Sea westwards to Victoria Land, about half

the South Polar Ocean, and we have a fair knowledge of the Schizopod fauna of that

area. The German Expedition (Gauss) had its headquarters half way between those of

the Scotia and Discovery, in about lat. 90° E., in the centre of the unexplored eastern

* "Antarctic Birds," Knowledge, September 1, 1894.
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part of the Antarctic Ocean, but I am not aware that any account of the Schizopods

has yet been published.

The above table includes seventeen species of Schizopoda—a complete list of the

known purely Antarctic forms, as far as I am aware. (See note, p. 894.)

Of these seventeen, three are more or less circumpolar

—

Euphausia superha,

Thysanoessa macrura, and Antarctomysis maxima—having been recorded from the

collections of most of the recent expeditions. Of the remainder, the following species,

captured by the Discovery and the Swedish Expedition at almost opposite sides of the

South Polar Ocean, will probably be found ultimately to be circumpolar in their

distribution, viz. :

—

Euphausia triacantha.

,, frigida.

„ crystallorophias.

,, Vallentini.

Thysanoessa vicina.

Hansenomysis antarctica.

Antarctomysis Ohlinii,

Pseudomma Belgicse.

Eucopia australis, captured by the Scotia and the Swedish Expedition, was not

taken by the Discovery ; but the type locality is quite near to Victoria Land, and the

species is in all probability circumpolar. This gives a total of twelve species, out of

seventeen known from the Antarctic Ocean, with a circumpolar distribution in that

ocean, leaving only five whose present known distribution is limited.

The Schizopoda, therefore, present very clear evidence of a group which is, as a

whole, circumpolar in its distribution in Antarctic waters.

The Scotia discovered only one new species, Boreomysis Brucei.

The Isopoda entrusted to me for identification include those taken by the Scotia

on the outward and homeward journeys, mainly at the Falkland Islands and at the

Cape, together with three species of parasitic Isopoda found on pelagic Decapoda and

Schizopoda captured in tow-nets in the open ocean. The collection as a whole calls for

very little comment, the recent work of Stebbing on the Crustacea of the Falkland

Islands and South Africa covering nearly all the ground. In common with most workers

called upon to identify isolated specimens of Sphseromidse from distant localities, I

have experienced considerable difiiculty with this group. I have been obliged, as a

result of my work, to establish two new species, which I hope will not add to the state

of chaos in which the group remains at present. Dr Bruce was also fortunate in re-

discovering Exosphseroma trisiense, of Leach, a species which has remained in obscurity

since its discovery nearly a century ago. I have redescribed the species, and figured, for

the first time, the adult male. A third new species among the Isopoda is established

for a specimen of the family Arcturidae found at the Cape, which appears to be very

distinct from any hitherto known form.
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Finally, I desire to express my thanks to Dr Bruce for entrusting me with this

collection, for much help with the literature, and for many courtesies in other ways ; and

to Dr W, T. Calman for allowing me to examine the collection of extra-Antarctic

Schizopoda made by the Discovery, and for permission to include the records here.

Order MYSIDACEA, Boas.

Family Lophogastrid^, G. 0. Sars.

Genus Gnathophausia, W. Suhm.

Gnathophausia gigas, W. Suhm.
Scotia.

Station 450, lat. 48° 00' S., long. 9° 50' W., South Atlantic, 1332 fathoms,

trawl.—One female, 160 mm.

This specimen, which is in a rather poor state of preservation, is the largest

recorded one belonging to the species, the previous largest, the Challenger specimen,

measuring 142 mm. It differs from Sars' description and figures mainly in the less

pronounced teeth on the antennal scale and in the less produced infero-posterior

corners of the carapace. Both of these slight differences are due to age, and the

specimen otherwise agrees with G. gigas so closely that I have no hesitation in

ascribing it to this species.

Family Eucopiid^, G. 0. Sars.

Genus Eucopia, Dana.

Eucopia australis, Dana.
Scotia.

Station 398, lat. 68° 25' S., long. 27° 10' W., Antarctic Ocean, vertical

tow-net, 0-1000 fathoms.— One female, 50 mm.
Station 414, lat. 71° 50' S., long. 23° 30' W., Weddell Sea, 2102 fathoms,

vertical tow-net, 0-1000 fathoms.—One female, 35 mm. ; one frag-

mentary specimen, tail end only.

Station 450, lat. 48° 00' S., long. 9° 50' W., South Atlantic, 1332 fathoms,

trawl.—One female, 45 mm.
Station 468, lat. 39° 48' S., long. 2° 33' E., South Atlantic, 2645 fathoms,

trawl.—One fragmentary specimen, head end only.

These specimens are in poor condition, but appear to belong, with very little doubt,

to E. australis as redefined by Hansen (1905c).
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Family MysiD/E, Dana.

Sub-family boreomysin^, Holt and Tattersall.

Genus Boreomysis, G. 0. Sars.

Boreomysis distinguenda, Hansen,

B. seyphops, G. 0. Sars, 1885a.

B. distinguenda, Hansen, 1908a.

nee. B. scyphops, G. 0. Sars, 1885&.

Scotia.

Station 301, lat. 64° 48' S., long. 44° 26' W., Weddell Sea, 2485 fathoms,

trawl.—One female, 30 mm.

Hansen, in describing the Crustacea collected by the /n(70^ Expedition in northern

seas, took the opportunity afforded by the capture of large numbers of the true

B. scyphops to separate the present southern species from its northern ally, with which

it had been confused by Sars. The distinguishing characters are to be found in the

shape of the eye and of the antennal scale. No full description of B. distinguenda has

yet appeared, but it is not possible to draw one up from the present specimen, which,

besides being only about half-grown, is in a very poor state of preservation. Suffice it

to say that, in respect of the eyes and antennal scale, its characters are in agreement

with those given by Hansen for distinguishing B. distinguenda from B. scyphops.

Until Hansen separated the two species, the latter was the last surviving instance

of a bipolar Schizopod. Now there is no species common to the Arctic and Antarctic

Oceans, though several genera are recognised as occurring at both Poles.

Boreomysis Brucei, sp. nov. (Plate, figs. 11-13.)

Scotia.

Station 414, lat. 71° 50' S., long. 23° 30' W., Weddell Sea, 2102 fathoms,

vertical net, 0-1000 fathoms.—One immature male, 25 mm.

Station 416, lat. 71° 22' S., long. 18° 15' W., Weddell Sea, 2370 fathoms,

trawl.—One immature male, 28 mm.

Specific Characters.—The frontal or rostral plate (Plate, fig. 11) is produced

almost to the anterior level of the eyes. The lateral margins are slightly convex, and

meet in an angle of less than a right angle, while the apex is produced into a short acute

spine. The eyes are moderately large, broader than deep, with the pigment very pale

brown. The eye-stalks have the distal tubercle well developed.

The antennular peduncle exhibits a light oblique ridge on the dorsal surface of

the basal joint, and has the second joint narrow, but much deeper dorso-ventrally than

either the first or third joints, so that it is almost circular in section.
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The antennal peduncle extends anteriorly about half way up the distal joint of

the antennular peduncle.

The antennal scale (Plate, fig. 12) overreaches the antennular peduncle con-

siderably, and is three times as long as broad, the broadest portion before the middle.

The outer margin is almost straight and ends in a prominent spine, beyond which the

apex of the scale is slightly produced.

The telson (Plate, fig. 13) is three times as long as broad at its base, and has the

terminal cleft one-quarter of the entire length. The lateral margins are armed with

about thirty-six small spines, the first of which occurs about one-third of the way

down the margin. The spines are proximally arranged in small series of two and

three, but distally the last ten or a dozen spines are of equal length and not arranged

in series of shorter and longer spines. The lateral lobes of the apex of the telson are

armed with three strong spines, the outermost one of which is the longest.

The inner uropods (Plate, fig. 13) are about one-sixth as long again as the telson,

without spines in the region of the otocyst. The outer uropods (Plate, fig. 13) are

longer than the inner. The proximal portion of the outer margin, without spines or

setse, is about two-ninths of the length of the entire margin, and has two spines at its

distal corner.

This species comes remarkably near to B. sihogae, Hansen (1910), but diff"ers in

the more produced rostrum and in the shape of the antennal scale.

In B. sihogse the rostral plate does not extend nearly as far forward as the

anterior level of the eyes, and its margins meet in an obtuse angle. In B. Brucei the

rostrum extends almost as far forward as the anterior level of the eyes, and its margins

meet in an acute angle.

In B. sihogw the spine on the outer margin of the antennal scale overreaches

the apex of the scale. In B. Brucei the reverse obtains. B. sihogse is a deep-water

tropical species, B. Brucei a definitely Antarctic form.

B. Brucei also comes very near to B. rostrata, Illig (1906) ; but, so far as the latter

has been described, it differs from B. Brucei in the diff"erent form of the antennal

scale and the different armature of the telson.

I dedicate this new form to the leader of the Scottish National Antarctic Expedition,

whose intrepid researches have brought it to light.

Sub-family siRiELLiNiE, Norman.

Genus Siriella, Dana.

Siriella Thompsonii, H. Milne-Edw.
Scotia.

Station 11, lat. 23° 50' N., long. 21° 34' W., tow-net.—One.

Station 12, lat. 22° 19' N., long. 22° 07' W., tow-net.—Five.

Station 13, lat. 21° 58' N., long. 22° 26' W., tow-net.—One.
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Station 14, lat. 21° 28' N., long. 22° 40' W., tow-net.—Ten.

Station 15, lat. 20° 34' N., long. 23° 12' W., tow-net.—Two.

Station 18, lat. 19° 59' N., long. 23° 34' W., tow-net.—One.

Station 21, lat. 18° 28' N., long. 24° 28' W., tow-net.—Seven.

Station 32, lat. 10° 46' N., long. 25° 21' W., tow-net.—One.

Station 33, lat. 9° 40' N., long. 25° 28' W., tow-net.—One.

Station 36, lat. 8° 42' N., long. 25° 28' W., tow-net.—Twenty-five.

Station 37, lat. 7° 50' N., long. 25° 31' W., tow-net.— Three.

Station 39, lat. 6° 43' K, long. 25° 48' W., tow-net.—Two.

Station 46, lat. 3° 13' N., long. 26° 30' W., tow-net.—Five.

Station 56, lat. 0° 42' S., long. 31° 20' W., tow-net.—Thirty-eight.

Station 58, lat. 2° 13' S., long. 32° 23' W., tow-net.—Forty-eight.

Station 59, lat. 2° 30' S., long. 32° 42' W., tow-net.—Eight.

Station 61, lat. 3° 38' S., long. 33° 20' W., tow-net.—One.

Station 62, lat. 4° 15' S., long. 33° 38' W., tow-net.—Eighteen.

Station 515, lat. 2° 32' N., long. 19° 32' W., tow-net.—Nine.

Discovery.

Funchal Bay, Madeira.—Four.

Lat. 13° 59' S., long. 34° 35' AV.—Two.

Lat. 17° 15' S., long. 32° 05' W.—Three.

Lat. 30° 43' S., long. 21° 36' W.—One.

Lat. 33° 53' S., long. 17° 381' W.—Two.
All the stations listed above are in the Atlantic Ocean, and all the specimens were

captured at the surface. These records indicate that S. Thompsonii is an abundant

species in the tropical Atlantic ; and a correspondingly Jong list of captures given by

Hansen (1912) shows that it is likewise equally common in the Eastern Pacific. Its dis-

tribution is, in short, circumtropical, bounded, roughly speaking, by the lines of latitude

40° N. and 40° S. Several specimens in the Scotia collections were found to have the

Epicarid, Dajus siriellae, G. 0. Sars, in their marsupial pouches. This parasite, first

found by Sars in the same host, collected by the Challenger, has only been recorded

once since its discovery, namely, by Hansen (1912), who also found it in the present host.

Siriella denticulata, G. M. Thomson.

S. denticulata, Thomson, 1900.

Discovery.

Laurie Harbour, Auckland Isles.—One female, 6 mm., immature.

I j-efer this small and immature specimen to S. denticulata, Thomson, with some

little doubt, and add a few notes supplementing Thomson's description. The rostrum,

in my specimen, can hardly be described as spiniform. The two lateral margins meet

in almost a right angle with the apex hardly produced. There is, however, a promi-
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nent pseudo-rostrum, as in Macromysis inermis, and it is possible that Thomson may

have mistaken this structure for the true rostrum. On the other hand, the rostrum

may become more produced and spiniform with age, as it is known to do in certain

Euphausians, e.g. Tliysanoessa macrura. The telson of the present specimen has three

lateral spines on each margin, anterior to the constriction characteristic of the telson

in this genus, and between the three small spines at the apex of the telson there are

finer and longer setse. Thomson does not mention or figure either of these features.

The inner uropods have seventeen spines on their inner margins, the spines com-

mencing at the statocyst and extending the whole way to the distal extremity of the

appendage, increasing in size. They are not arranged in series. There are five spines

on the outer margin of the proximal joint of the outer uropods.

Sub-family mysin.e.

Genus Antarctomysis, Coutiere.

Antardomysis, Coutiere, 1906.

Antarctomysis, Hansen, 1908&.

Antarctomysis, Tattersall, 1908.

Antarctomysis maxima, Hansen.

Mysis maxima, Holt and Tattersall, 1906.

Antarctomysis maxima, Coutiere, 1906.

A. maxima, Hansen, 19086.

A. maxima, Tattersall, 1908.

Scotia.

Station 325, lat. 60° 43' 42" S., long. 44° 38' 33" W., Scotia Bay, South Orkneys.

—One immature female, 30 mm.

This species has a circumpolar distribution, having been captured by the Discovery,

the Belgica, the Charcot Expedition, and now by the Scotia, at the four points of the

compass in the Antarctic Ocean.

Order EUPHAUSIACEA.

Genus Thysanopoda, Milne- Edw.

Thysanopoda cornuta, Illig.

T. cornuta, Illig, 1905.

Scotia.

T. insignis, Hansen, 19056.

T. cornuta, Hansen, 1912.

Station 407, lat. 40° 08' S., long. 1° 50' E., 2645 fathoms, trawl.—One

female, 79 mm.

This magnificent specimen agrees well with both Illig's and Hansen's descriptions.

It was captured at very nearly the same place as the type-specimen, in the Beuguela
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Current, but rather further south. It is only known from five other specimens, three

recorded by Hansen from the North Atlantic, one by Hansen from the East Pacific,

and the type, captured by the Valdivia in the South Atlantic. It is one of the

largest known Euphausians.

Thysanopoda tricuspidata, Milne-Edw.
Scotia.

Station 29, lat. 12° 31' N., long. 25° 9' W., tow-net—Two.
Station 42, lat. 5° 25' N., long. 26° 7' W., tow-net.—One, larval.

Discovery.

Lat. 12° 27' S., long. 33° 33' W., tow-net.—One.

Lat. 13° 59' S., long. 34° 35' W., tow-net.—One large female, 22 mm.
;

three larvse, 5-8 mm.

Lat. 17° 15' S., long. 32° 05' W., tow-net.—Five.

All these specimens were caught at the surface, and, with the exception of the

large female, 22 mm., captured by the Discovery, are all larval or post-larval in

development.

Genus Euphausia, Dana.

Euphausia Krohnii (Brandt).

Discovery.

OiF Madeira, tow-net.—Fifteen.

This species seems at last to have found a name which may be considered more

or less a permanent one. It has been known during the last ten years successively as

Euphausia pellucida, bidentata, and Millleri; but Hansen (1910) has definitely

established that Thysanopoda Krohnii, Brandt, an earlier name than any of the

above, was applied to specimens identical with those of the later species. By this

name, therefore, the species must henceforth be known.

Euphausia americana, Hansen.

A', americana, Hansen, 1911.

Scotia.

Station 14, lat. 21° 28' N., long. 22° 40' W., tow-net.—Five.

Station 18, lat. 19° 59' N., long. 23° 34' W., tow-net.—Four.

Station 26, lat. 14° 33' N., long. 25° 9' W., tow-net.—Two.

Station 29, lat. 12° 31' N., long. 25° 9' W., tow-net.—Thirteen.
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Station 36, lat. 8° 42' N., long. 25° 28' W., tow-net.—One.

Station 39, lat. 6° 43' N., long. 25° 48' W., tow-net.—One hundred and

thirty-six.

Station 42, lat. 5° 25' N., long. 26° 7' W., tow-net.—Ten.

Station 59, lat. 2° 30' S., long. 32° 42' W., tow-net.—One.

Station 512, lat. 0° 22' N., long. 18° 43' W., tow-net.—Four.

Discovery.

Lat. 7° 23' S., long. 30° 23' W.—Two.

Euphausia americana has only lately been instituted by Hansen, and appears to

have been confused hitherto with E. Krohnii, to which it bears a considerable resem-

blance. It seems clear that some of the Cliallenger specimens referred to E. pellucida

by Sars in reality belong to the present species. Hansen gives as the locality for

this species, West Atlantic, Cape Verde ; but the above list of captures shows that the

species has a very general distribution in the tropical parts of the Atlantic Ocean.

Euphausia recurva, Hansen.

£. recurva, Hansen, 1905c.

E. recurva, Hansen, 1912.

Discovery.

Lat. 30° 43' S., long. 21° 36' W.—Thirty-one.

Lat. 33° 53' S., long. 17° 38i' W.— Five.

Lat. 35° 10' S., long. 13° 40' W.—Sixty-three.

Lat. 36° 271-' S., long. 8° 20' W.—One.

Lat. 37° 33f' S., long. 6° 09' E.—Four.
Lat. 37° 12' S., long. 9° 30' E.—Three.

All the specimens were taken in surface tow-nettings. The majority are post-larval

in development, but appear to belong to this species.

E. recurva is known from the South Atlantic, Indian Ocean, and from two or three

localities in the Pacific (Hansen, 1912).

Euphausia brevis, Hansen.

E. brevis, Hansen, 1905c.

E. brevis, Hansen, 1912.

Discovery.

Lat. 12° 27' S., long. 33° 33' W.—One.

Lat. 13° 59' S., long. 34° 35' W.—One.

Lat. 17° 15' S., long. 32° 05' W.—Seven.

Lat. 36° 27^' S.,long. 8° 20' W.—One.

1
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Scotia.

Station 14, lat. 21° 28' N., long. 22° 40' W., tow-net.—Twenty-three.

E. brevis has a general distribution in the tropical parts of the Atlantic Ocean, in

the Indian Ocean, and in the Eastern Pacific. It has also been recorded from the

Mediterranean (Tattersall and Hansen). Hansen notes that most of the specimens

recorded have been taken at the surface. The present records are no exception.

Ewphausia tefiera, Hansen.

E. tenera, Hansen, 1905c.

E. tenera, Hansen, 1910.

-£'. tenera, Hansen, 1911.

Scotia.

Station 14, lat. 21° 28' K, long. 22° 40' W., tow-net.—Three.

Station 18, lat. 19° 59' N., long. 23° 34' W., tow-net.—Two.

Station 29, lat. 12° 31' N., long. 25° 9' W., tow-net.—Twenty-two.

Station 36, lat. 8° 42' N., long. 25° 28' W., tow-net.—Fifty.

Station 39, lat. 6° 43' N., long. 25° 48' W., tow-net.—Twelve.

Discovery.

Lat. 7° 23' S., long. 30° 23' W.— Five.

Lat. 13° 59' S., long. 34° 35' W.—Three.

All the specimens here recorded were captured at the surface.

Euphausia superba, Dana.

E. superha, Tattersall, 1908.

Scotia.

Station 152, lat. 60° 32' S.,long. 43° 40' W., February 2nd, 1903, stomach of

Lohodon carcinophaga.—Many.

Station 156, off Saddle Island, South Orkneys, February 3rd, 1903, edge of

the ice-floes.—Twenty.

Station 159, lat. 61° 20' S., long. 43° 23' W., February 4th, 1903, stomach

of penguin.—Many.

Station 203, lat. 59° 38' S., long. 29° 55' W., February 13th, 1903, edge of

ice-floes, tow-net.—Seven.

Station 325, lat. 60° 43' 42" S.,long. 44° 38' 33" W., Scotia Bay, South Orkneys,

April to July 1903.—Fifty-one in nets, and many from the stomachs offish.

Station 411, lat. 74° 01' S., long. 22° 00' W., off Coats Land, 161 fathoms,

traps.—Eighteen.

Station 414, lat. 71° 50' S., long. 23° 30' W., vertical net, 0-1000 fathoms.

—Five.
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Station 417, lat. 71° 22' S., long. 16° 34' W., 1410 fathoms, trawl—One

large female.

Station 418, lat. 71° 32' S., long. 17° 15' W., 1221 fathoms, trawl (not on

bottom).—One male.

Station 422, lat. 68° 32' S., long. 12° 49' W., vertical net, 0-800 fathoms.

—Three.

Dr Bruce has furnished me with three coloured sketches of Euphausians, all of

which refer to this species. One of the sketches, of a specimen caught in February

1903 at the edge of the ice-floes, agrees almost perfectly with the account of the colour

of this species as noted by Dr G. Racovitza during the expedition of the Belgica, and

published by Hansen (19086). In the other two sketches, of specimens captured in

February 1903 and March 1904, there is considerably more red pigment shown on the

dorsal surface of the carapace and abdomen. The distribution of the pigments is the

same in all three sketches, but in the two latter ones the red is intensified. This

diff"erence, it seems probable to me, may be accounted for by the supposition that, in

the animal from which the first sketch mentioned above was made, the red chromato-

phores were in a contracted condition, and in the other two specimens they were in

an expanded condition at the time they were painted.

Euphausia superha is the Euphausian pm^ excellence of the Antarctic Ocean. It

is circumpolar in its distribution, and has been recorded by all the recent expeditions

which have visited those waters. It likewise forms the major part of the food of the

crab-eating seal, Lohodon carcinophaga, and of certain of the penguins.

Euphausia lucens, Hansen.

E. lucens, Hansen, 1905c.

JE. lucens, Hansen, 1911.

Discovery.

Lat. 36° 27^' S., long. 8° 20' W.—Two. . ^

Lat. 37° 47' S., long. 3° 59' E.— Two.

Lat. 37° 33|' S., long. 6° 09' E.—Fifteen.

This species of the genus is one of the rarest, and has not been captured by any

of the expeditions since the Challenger. Hansen mentions specimens from three

localities in the South-East Atlantic, very much in the same neighbourhood as the

present records, and from one locality between Tasmania and New Zealand.

Euphausia hemigibba, Hansen.

E. hemigibba, Hansen, 1910.

Scotia.

Station 14, lat. 21° 28' N., long. 22° 40' W., tow-net.—Thirteen.

Station 18, lat. 19° 59' N., long. 23° 34' W., tow-net.—One.

Station 21, lat. 18° 28' N., long. 24° 28' W., tow-net.—Two.
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Discovery.

Lat. 30° 43' S., long. 21° 36' W.—Six.

Lat. 35° 10' S., long. 13° 40' W.—Three.

Lat. 36° 27i' S., long. 8° 20' W.—One.

At present, this species is known only from the tropical Atlantic (Hansen), Indian

Ocean, and Mediterranean (Tattersall).

Euphausia pseudogihha, Ortmann.

E. pseudogihha, Ortmann, 1893.

E. pseudogibba, Hansen, 1910.

E. pseudogibba, Hansen, 1912.

Scotia.

Station 29, lat. 12° 31' N., long. 25° 9' W., tow-net.—One.

This species is known from the tropical Atlantic, Indian Ocean, and the Pacific,

from which the types were recorded. It is most generally distributed in the Indian

Ocean and the Atlantic, and decidedly rarer in the Pacific.

Euphausia gibboides, Ortmann.

E. gibboides, Ortmann, 1893.

E. gibboides, Hansen, 1911.

E. gibboides, Hansen, 1912.

Discovery.

Lat. 36° 27^' S., long. 8° 20' W.—One female, 22 mm.

This specimen differs from the description and figures given by Hansen (1912)

in the form of the lobe on the first joint of the antennular peduncle. This lobe has a

bifid extremity, the outer process quite minute, and much smaller than the inner and

main extremity. The specimen, however, agrees otherwise so well with E. gibboides

that it has seemed best to include it in that species for the present, at any rate until

male specimens are forthcoming and the copulatory organs on their pleopods can be

investigated.

Euphausia longirostris, Hansen.

E. longirostris, Hansen, 19086.

E. longirostris, Hansen, 1911.

Discovery.

Lat. 37° 47' S., long. 3° 59' E.—One adult male, 19 mm.

When first I examined this specimen, I determined it as a variety of E. spinifera,

G. 0. Sars, with which it agrees very closely, except in regard to the lobe from the
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first joint of the antennular peduncle. This lobe in E. spinifera extends right across

the peduncle and has its anterior margin irregularly digitate. In the present specimen,

the lobe does not stretch right across the peduncle, and the extremity is bifid. It

thus agrees, in this respect, with E. longirostris. The copulatory organs on the first

pleopods, however, agree almost exactly with those figured by Sars for E. spinifera.

Hansen has not, up till now, described the male of E. longirostris, so I am unable to

compare my specimen from this point of view.* Hansen says that E. longirostris is

closely related to E. spinifera, and is only distinguished by the antennular lobe. On

that character, therefore, I refer my specimen to that species.

E. longirostris is known, at present, only from the Antarctic Ocean to the south

of the Falkland Islands and in the neighbourhood of South Georgia. The present record,

therefore, is the most northerly one yet known for the species.

Genus Thysanoessa, Brandt.

Thysanoessa macrura, G. 0. Sars.

T. macrura, G. O. Sars, 1885a.

Scotia.

Station 319, lat. 61° 05' S., long. 43° 20' W., 214 fathoms.—One female,

14 mm.

Station .414, lat. 71° 50' S., long. 23° 30' W., vertical net, 0-1000 fathoms.

—One female, 28 mm.

If the evidence of the antennular flagellum be accepted, the smaller of these two

specimens is correctly referred to this species, since it is distinctly shorter than the

two distal joints of the peduncle. The larger specimen seems clearly to belong to

T. macr^jira. The species has a circumpolar distribution in Antarctic waters.

Thysanoessa gregaria, 6, 0. Sars.

T. gregaria, G. O. Sars, 1885a.

Scotia.

Station 98, lat. 34° 02' S., long. 49° 07' W., tow-net.—One.

Station 458, lat. 42° 57' S., long. 8° 13' W., tow-net.—Twenty-six.

Discovery.

Lat. 37° 47' S., long. 3° 59' E.—Two.

A post- larval specimen of the genus Thysanoessa taken by the Scotia at Station

137, lat. 57° 42' S., long. 46° 33' W., cannot be referred to its adult species. It may

belong to T. gregaria or to T. vicina, Hansen (1911).

* See note, p. 894. In tliis paper Hansen describes and figures the copulatory organs of the male of this species, and

points out minor diflerences from those of E. spinifera.
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Genus Nematoscelis, G. 0. Sars.

Nematoscelis micro'ps, G. 0. Sars.

N. microps, G. O. Sars, 1885a.

N. microps, Hansen, 19056 and c.

N. microps, Hansen, 1910.

N. microps, Hansen, 1912.

Scotia.

Station 12, lat. 22° 19' N., long. 22° 07' W., tow-net.—Ten.

Station 14, lat. 21° 28' N., long. 22° 40' W., tow-net.—Thirteen.

These specimens are all small and in rather poor condition. I cannot be quite

certain of their identity, but I believe they ought to be referred to this species.

Genus Stylocheiron, G. 0. Sars.

Stylocheiron carinatum, G. 0. Sars.

S. carinatum, G. 0. Sars, 1885a.

S. carinatum, Hansen, 1910.

S. carinatum, Hansen, 1912.

Discovery.

Lat. 13° 59' S., long. 34° 35' W.—One.

Lat. 17° 15' S., long. 32° 05' W.—Thirteen.

This interesting and easily recognisable species of the genus Stylocheiron is widely

distributed in the various tropical waters of the globe.

Order STOMATOPODA.

Family Squillid^.

Genus Squilla, Fabricius.

Squilla armata, Milne-Edwards.

Scotia.

Station 481, N.W. off Ijzer Fontein Point, Cape Colony, 35 fathoms, sand,

trawl.—Two, 116 mm. and 98 mm.

Genus Lysiosquilla, Dana.

Stomatopod larvge, referable to this genus, were taken on two occasions, in surface

tow-nets.

Station 64, lat. 6° 30' S., long. 34° 25' W., off Brazil, tow-net.—One, 3 mm.
Station 66, lat. 7° 9' S., long. 34° 30' W., off Brazil, tow-net.—Two, 2 mm.

and 3*5 mm.

These specimens, belonging to the genus of larval Stomatopods known as Lysierichthus,

cannot be referred to their adult species.
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Order ISOPODA.

Tribe FLABELLlFEliA.

Family Eurydicid^.

Genus Cirolana, Leach.

Cirolana, Hansen, 1890.

Cirolana hirtipes, Milne-Edwards.

C. hirtipes, Hansen, 1890.

Scotia.

Station 482, Saldanha Bay, Cape Colony, May 1904, 8-10 fathoms, trawl.

—

One, 25 mm.

This species is only certainly known from the Cape, from which Milne-Edwards'

type was procured, and from which Hansen has since recorded a single specimen.

Cirolana sulcata, Hansen.

C. sulcata, Hansen, 1890.

Scotia.

Station 482, Saldanha Bay, Cape Colony,May 1904, 8-10 fathoms, trawl.—One.

Recorded from the shores of Simon's Bay by Hansen (1890), and from Somerset

West, False Bay, by Stebbing (1902). Not known from any other locality.

Family Corallanid^.

Genus Lanocira, Hansen.

Lanocira sp. ?

Scotia.

Station 482, Saldanha Bay, Cape Colony, May 1904, 8-10 fathoms.—One,

12 mm.

The telson of this specimen is, unfortunately, damaged, so that it is not possible to

identify the species, if known, or to describe the specimen satisfactorily. Moreover, the

sex of the specimen is uncertain. The absence of oostegites and of the external

setiferous lobe to the maxillipedes indicates that the specimen is a male. On the other

hand, I can find no appendix interna on the second pleopods.

The structure of the mouth parts clearly indicates the generic position of this

specimen, and, in the form of these appendages, it approaches very closely, among the

described species, to L. zeylanicus, Stebbing (1905a), with which it agrees in the strong
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development of the hook of the first maxilla and in the great inequality in the length

of the two setae arming the distal joint of the second maxilla.

The shape of the body has been considerably altered, presumably by the method of

preservation. The segments are more or less separated from each other, and the whole

body considerably distended, so that it is impossible to get a fair idea of the normal

form. As it is, the specimen has not the compact, broadly oval, rotund form of the other

members of the genus. The body is nearly three times as long as broad, and the

epimeral plates seem to be more in evidence in dorsal view than in the figures of other

species of the genus. The length, moreover, is almost twice that of any other

species. The largest described form is L. Gardineri, Stebbing (1904), which is 7 mm.

long, while females of L. roUmdicauda, with young in the brood-pouch, measure only

5'25 mm. The present specimen is 12 mm. long.

The body is provided with setse only on the fourth and fifth segments of the

mesosome and the whole of the telson. In this respect it is more setose than

L. Gardineri and L. rotundicauda, but less so than in L. zeylanicus.

The broadly oval inner branch of the uropods bears seven spines at its extremity,

and the outer branch, which is just slightly shorter than the inner, bears three spines.

I prefer to leave the identity of this species an open question till more specimens,

not deformed or mutilated in any way, are available. In the meantime, the genus has

not, so far as I am aware, been recorded from South Africa previously.

Family Cymothoid^»

Genus Glossohius, Schiodte and Meinert.

Glossobius linearis (Dana).

G. linearis, Hansen, 1895.

Scotia.

Station 36, lat. 8° 42' N., long. 25° 28' W., tow-net.—One young, in the

second stage, 3 mm.

This specimen agrees very closely with the specimens described and figured by

Hansen (1895). I would point out, however, that both Hansen's specimen and my
own show four well-developed teeth on the dactylus of the first thoracic legs.

Schiodte and Meinert (1879-84) show only three well- developed teeth and a

rudimentary one for G. linearis, but four well-developed teeth for G. laticauda. In this

character, therefore, and in the shape of the eyes the present specimen approaches more

closely to G. laticauda (M.-Ed.), a Pacific species. On the other hand, this specimen

agrees so well with Hansen's specimens, and is so obviously the same species, that 1

accept his decision as to the name it should bear.

TRANS. ROY. SOC. EDIK, VOL. XLIX. PART IV. (NO. 16). 120
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Family Sph^romid^.

Genus Limnoria, Leach.

Limnoria lignorum (Ratlike).

Scotia.

Station 118, 51° 41' S., 57° 51' W., Port Stanley, Falkland Islands, January

1903.—One.

This specimen was found among other Isopoda from Port Stanley, with no special

note as to how it was come by. I cannot say, therefore, if it was engaged in its usual

practice of destroying wooden structures. I can find no appreciable differences from

northern specimens of the same species. The nearest recorded place of capture is

Port Ehzabeth, South Africa (Stebbing, 1908).

Genus JExosphcBroma, Stebbing, 1900a.

Exosplixroma, Hansen, 1 905a.

Exos'phaeroma gigas, Leach.

E. gigas, Stebbing, 1900a.

Scotia.

Station 118, 51° 41' S., 57° 51' W., Port Stanley, Falkland Isles, January

1903.

—

ca. fifty, all sizes.

Station 349, 51° 41' S., 57° 51' W., Port William, Falkland Isles, January

1904.—Nineteen.

I have nothing to add to Stebbing's detailed account of this species. It was

infested, as seems usual with the species in this part of the world, with lais puhescens.

Exosphw7'oma tristense (Leach). (Plate, fig. 1.)

Sphxroma tristense, Leach, 1818,

Sphxroma tristense, Hansen, 1905a.

nee. Sphxroma tristense, Krauss, 1843.

nee. Sphxroma tristense, Stebbing, 1910.

Scotia.

Station 461, lat. 40° 20' S., long. 9° 56' 30" W., Gough Island, 21st-22nd

April 1904.—One male, 10 mm,, and three females, 5-6 mm., from the

shore and from floating weed.

I refer these specimens from Gougli Island to Leach's rather obscure species,

which does not seem to have been recognised since it was described in 1818, from
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specimens taken at Tristan d'Acunlia. The female specimens agree with Leach's

brief description in its main points—body smooth, terminal segment of the abdomen

terminating in an obtuse point and having at its base two elongated and rather

indistinct tubercles. The description of the terminal segment of the abdomen and

the uropods may be amplified somewhat. The last segment of the abdomen is

triangular in shape, narrowing to a rather produced apex, the actual tip of which is

bluntly rounded. The segment is not evenly vaulted from its edges, as, for instance,

it is in E. gigas ; but some little way in from the margins there is a shallow impressed

groove running more or less parallel with the margins all the way round. The central

portion thus marked off is evenly vaulted, and bears anteriorly two elongated but

only slightly pronounced tubercles. The inner and outer uropods are about equal in

length, and barely reach the apex of the abdomen. The inner one is truncate at its

distal extremity, the outer one evenly rounded.

The male specimen, 10 mm. in length, which I refer to this species, differs from

the female in having the seventh segment of the thorax produced into a short, blunt

median process, which projects slightly beyond the anterior margin of the last seg-

ment of the pleon (Plate, fig. 1). Moreover, the tubercles on the latter are very

obscure and almost obsolete. But otherwise the agreement with the female speci-

mens is very close, especially in the form of the pleon and uropods, as described

above, though the latter are, perhaps, a little more fully developed. I have very

little doubt that the male specimen should be referred to the same species as the

females, and I think I am correct in regarding both as examples of Leach's species.

If my identification is correct, the generic position of the species requires con-

sideration. As regards the mouth organs and the structure of the pleopods, the

specimens are in complete harmony with the genus Exosphxroma. Moreover, they

show the closest agreement with the type of that genus, E. gigas, Leach, in the

general form and the structure of the various appendages. They differ from E. gigas

in the form of the pleon and uropods in both sexes, and in the process from the

seventh thoracic segment in the male. Hansen's amended definition (1905a) of the

genus Exosphwroma, however, runs as follows :

—
" Last thoracic segment unarmed in

both sexes. End of the abdomen at most somewhat produced, but not acute." If

this definition be accepted, Leach's species would be excluded from the genus

Exosphseroma by the characters of the last thoracic segment of the male, and

would fall into one or other of the genera Zuzara and Isocladus. These latter

genera are, however, further characterised by the great development of the uropods

in the male, greater in Zuzara than in Isocladus, but much greater in both than in

the present species, in which the difference between the sexes in this respect is almost

negligible. The females of all three genera are very much alike, and Hansen himself

has indicated the great difficulty of separating the genera in a satisfactory manner.

Moreover, as Stebbing (1910) points out, he has at least implied a modification of

the definition of Exosphseroma, quoted above, by including in the genus Sphseroma
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Stimpsonii, Heller (1868). Heller says of the latter that the hind margin of the

seventh segment of the thorax is produced into a conical process, and that the telsonic

segment has an acute apex. The adjective " acute," as applied to the telson, is, I take

it, meant relatively to the shape of that organ in such a species as E. gigas, and in no

way intended absolutely. I have accepted this implied emendation to the characters

of the genus Exosphxroma, and, as modified, include S. tristense, Leach, within its limits.

I may, perhaps, be allowed to suggest the probability that E. t7'istense, Leach, and

E. Stimpsonii, Heller, are synonymous. I have already referred to the close similarity

between E. tristense and E. gigas as regards their appendages and general structure.

The above remarks on E. Stimpsoni apply equally well to the male of the specimen I

refer to E. tristense, and I think it highly probable the two forms are one and the same

species. I have not the necessary material to pronounce a definite opinion here, but I

make the suggestion, for any future worker with more material at his disposal to decide.

If the suggestion is upheld by future research. Leach's name has priority. The females

of E. tristense agree very closely with White's types of S. leucura, which I have

examined at the British Museum. This species was named by White (184'7), but never

described. It is not unlikely that it will be found to be synonymous with S. integrum,

Heller, described from specimens taken off Chile, near the same locality as that from

which White's types came. Heller's name would have preference, since White's name

can only be regarded as a nomen nudum. Hansen refers S. leucura to Exosphseroma,

and ;S. integrum to, possibly, Isocladus or Zuzara. I believe both should be referred

to the genus Exosphseroma, and suspect that the males will be found to have the same

form as those of E. tristense. It would not surprise me if Sphasroma Stimpsonii,

S. leucura, and aS. integrum were all eventually found to be synonymous with S. tristense,

though females of allied species of Exospha^roma are notoriously difficult to separate.

Exosphseroma Kraussii, sp. nov. (Plate, figs. 2 and 6.)

? Sphxroma tristense, Krauss, 1843.

% Sphxroma tristense, Stebbiiig, 1910.

Scotia.

Station 483, entrance to Saldanha Bay, Cape Colony, trawl.—Three females,

8 mm.

Specific Characters.—Sexes similar ; body microscopically granular, especially on

the pleon and uropods ; segments of the thorax with four very obscure small tubercles

equidistantly placed, the tubercles most pronounced on the last thoracic segment, and

becoming almost obsolete on the anterior segments ; a pair of larger and more definite

rounded tubercles on the centre of the combined first three segments of the pleon ; last

segment of the latter triangular in shape with a pointed apex, having a pair of closely

approximating, conspicuous elongate tubercles at the centre of the anterior part, the

tubercles separated by a shallow groove, from the distal end of which a light carina runs
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to the apex of the telson ; epimera visible in dorsal view ; uropods subequal in length,

slightly shorter than the telson, inner ramus bluntly rounded, outer ramus acute, the

extremity of both branches minutely and irregularly denticulate when seen under the

low power (f") of the microscope (Plate, fig. 6).

I believe this species to be the one recorded by Kkauss (1843) as Sphmroma

tristense, Leach. Krauss' description may be quoted in full :
" Die 2 langlich

Hockerchen auf dem letzten segmente, so wie die stumpfe Spitze des Abdomen bestimmen

mich, meine Examplare fiir diese von Leach nur sehr kurz beschriebene Art zu halten,

jedenfalls gehoren sie zu der Abtheilung der Spezies, deren 2 letzte Ringe des Thorax

wie die vorderen gebildet sind ; aber alle Ringe haben in der Mitte 4 sehr undeutliche

Hockerchen und an den Seiten eine ahnliche Anschwellung. Die Lamellen der hinteren

falschen Ftisse haben glatte Riinder und sind gerade so lang als die Spitz des Abdomen.

In der Tafelbai. Lange 5 "2 linien."

The adjective " stumpfe," it is true, does not accurately describe the apex of the

pleon in the present form, but the character which I rely on mainly for the identification

of this species with the one observed by Krauss is : "all the segments have in the middle

four very obscure tubercles." This does not apply to S. tristense of Leach, which has

the thorax smooth ; but it accords very well with the present species, though the

tubercles are almost obsolete on the anterior seo-ments. The " similar intumescence" on

the sides of the segments, mentioned by Krauss, is present on the segments of

E. Kraussii, as a slight swelling in the region of the junction of the body segments

with their epimeral plates. If E. Kraussii is not identical with S. tristense, Krauss,

I am unable to identify it with any described form.

In the British Museum I found several specimens of this species, unnamed, from

Cape Town. Among them were two or three males, which agree in all respects with the

females, and have no processes on the thoracic segments. In the characters of the mouth

parts and pleopods, the species is in agreement with the genus Exospliseroma. I have

named the species in honour of the only worker on South African Crustacea (previous

to the recent researches of Stebbing), who most probably had the species before him in

compiling his catalogue.

The species is, so far, only known from Cape Colony in the neighbourhood of

Cape Town and neighbouring bays.

Exosphseroma Coatsii, sp. nov. (Plate, figs. 3 and 4.)

Scotia.

Station 118, lat. 51° 41' S., 57° 51' W., Port Stanley, Falkland Islands,

January 1903.—Six females, 4-10 mm.

Specific Characters.—Body capable of rolling up, or at least doubling up ; epimeral

plates not visible in dorsal view, projecting down at right angles to the rest of the

segments of the body, from which they are sharply marked off by a strong ridge which
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projects laterally and hides the plates from the dorsal aspect ; segments of the thorax

with four small, equally distant tubercles on the dorsal surface, the tubercles more

pronounced than in E. K^'aussii ; a pair of larger tubercles in the centre of the combined

first three segments of the pleon ; terminal segment of the latter triangular in shape

with the apex somewhat produced but the actual tip rounded ; centre of the telsonic

segment evenly vaulted from a point some little way in from the margins, bearing in

tlie centre two pairs of large tubercles, the anterior pair slightly narrower and more

elongate than the posterior pair ; behind the latter in the median line are two smaller

tubercles, one behind the other ; the lateral parts of the telsonic segment with a number

of minute tubercles or granulations ; a very light carina runs from the base of the median

tubercles to the apex of the telson ; inner and outer uropods shorter than the telson

;

apex of the inner one truncate, with the outer corner somewhat produced into a sharp

angle ; outer uropod almost sabre-shaped, apex sharpely acute.

My report was almost completed when I received the large adult female specimen,

on which this description is based, from the Eev. T. E, R, Stebbing, who found it and

another example among some Decapod crustaceans from the same place. I had already

figured as the type the largest specimen then in the collection, a female, 6 mm., and I re-

produce that figure here because it illustrates the differences between the young and adult

of this species, and as a contribution to our knowledge of the changes which a Sphseromid

may undergo during growth. A comparison of the two figures will show that there is

considerable difference between the young and adult stages. In the young stage, the

telsonic segment is less produced and its apex more obtuse than in adult specimens.

It bears only the two pairs of larger tubercles of the adult stage, the two median

tubercles and the lateral minute tubercles being absent. The tubercles throughout the

body are less developed in the young stage. The differences in the uropods are quite

considerable. In the young example both uropods have more or less evenly rounded

extremities, quite distinct from the form of the uropods in the adult as described above.

Having seen no male specimens, I am unable to say whether this species exhibits

any marked sexual differences. Otherwise the species seems clearly referable to the

genus Exosphgeroma, as far as the characters of the mouth organs and pleopods go.

The arrangement of the epimeral plates is quite characteristic. The first plate

projects forward under the eyes, the next four are rectangular or rhomboidal in shape,

while the sixth is larger than any of the others and projects backwards so as to almost

hide the small seventh plate. When the animal is doubled in two, the epimeral plates

form a very good protection for the sides of the body.

The arrangement of the tubercles will allow the species to be recognised at once.

It differs from E. Kraussii in the more pronounced nature of the tubercles of the body,

in the possession of two pairs of large tubercles in the telsonic segment, and the shape

of the uropods, as well as in the form of the epimeral plates.

I have seen a specimen of this species, unnamed, in the British Museum, from the

island of St Paul.
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Genus Cymodoce, Leach.

Cymodoce uncinata, Stebbing.

G. uncinata, Stebbing, 1902.

Scotia.

Station 482, Saldanha Bay, Cape Colony, May 1904.—Two males, 6 mm.

and 12 mm.; four females, 7-8 mm.

The females of this form do not seem to have been hitherto observed. They have

two submedian, blunt and rounded bosses on the telsonic segment, which correspond to

the large bosses found on the male, but are very much less developed. The bosses

are not so well developed in the largest female as in the smaller male, in which they

have reached almost adult proportions. The apex of the telsonic segment of the

female is trifid, with the median lobe well developed and bluntly rounded, and the

lateral lobes marked off by mere notches. The apex of the telson in the young male

is of the same form. It seems to me that the form of the apex of the telson character-

istic of the adult male is reached by the greater development of the lateral lobes of

the female, and consequently of the notches which separate them from the median lobe.

The most characteristic feature of the present species is the scythe-like termination

of the outer uropod, and the sharply truncate extremity of the inner uropod, which

are the same for both sexes. Stebbing mentions both of these points, but hardly

emphasises them.

Sphasromidae of uncertain identity.

Two specimens of eubranchiate Sphseromidse, representing two distinct species, are

present in the collection. Both are female and, as such, cannot be referred to their

correct genera, though they appear to be very closely allied to Dynamenella. I have

not attempted to refer them to their proper species. They may briefly be noted

as follows :

—

(1) Station 118, 51° 41' S., 57° 51' W., Port Stanley, Falkland Isles.—One

female, 4 mm. (Plate, figs. 7 and 8.)

The most characteristic feature of this specimen is the form of the telson, which

I have represented on Plate, figs. 7 and 8. Looked at from above, it takes the

form of a triangle narrowing rapidly to an abrupt apex ; but from the ventral surface

the lateral margins are seen to be folded in to a certain extent, though they do not

meet in the mid-ventral line to form a definite tube as in Cymodocella, nor is the half

tube thus formed as long as in the latter genus. Looked at from the posterior end,

therefore, the end of the telson appears as a semicircular notch ; but this cannot be

considered as a notch in the apex of the telson, since it is formed by the infolding of
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the lateral margins. The body presents no processes or tubercles of any kind, though

the integument appears granular to a certain extent, due probably to extraneous

matter and not a definite character of the integument itself. The mouth parts and

pleopods agree with the characters of the sub-family Sphasromime eubranchiata.

(2) Station 482, Saldanha Bay, Cape Colony, May 1904.—One female, 6 mm.

(Plate, figs. 9 and 10.)

The body is quite smooth, without tubercles or processes of any kind whatever.

The colour is a golden yellow minutely flecked with black pigment. The telson is

similar in form to that of the last specimen, but less abruptly narrowed, with a wider

apex, and less inwardly folded margins. The result is that, from the dorsal aspect,

the apex of the telson appears slightly emarginate.

The telsonic segment and uropods are shown on Plate, fig. 9. The most

characteristic feature of the specimen is the form of the superior antenna (Plate,

fig. 10), in which the second joint of the peduncle is very broad, w^ith a strong ridge

throughout its whole length, so that in cross-section it would appear triangular and

not lamellar. The third joint is quite small and distally expanded.

Further specimens of both these forms are desirable before their systematic position

can be determined.

Tribe VALVIFERA.

Family Idoteid^.

Genus Paridotea, Stebbing, 19006.

Paridotea ungulata (Pallas).

P. ungulata, Stebbing, 1900&.

Scotia.

Station 478, Table Bay, Cape Town Harbour, May 1904.—Five.

Station 482, Saldanha Bay, Cape Colony, May 1904, 5-25 fathoms.—Abundant.

Specimens were also procured from the stomach of a dogfish, caught in Saldanha

Bay.

Genus Synidotea, Harger.

Synidotea hirtipes (Milne-Edwards).

S. hirtipes, Stebbing, 1902.

Scotia.

Station 478, Table Bay, Cape Town Harbour, May 1904.—Four.

Station 482, Saldanha Bay, Cape Colony, May 1904, 5-25 fathoms.—Abundant.
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Genus Idotea, Fabricius.

Idotea metallica, Bosc.

Scotia.

Fifteen specimens belonging to this species were found among the collec-

tions submitted to me, without any note as to the locality of their

capture. I suspect they were taken among the Gulf weed, through which

the Scotia passed between 22nd June and 30th June 1904.

Station 482, Saldanha Bay, Cape Colony, May 1904.—Two.

Family Astacillid^.

Genus Ayitarcturus, zur Strassen.

Antarcturus ornatus, sp. nov. (Plate, fig. 5.)

Scotia.

Station 482, Saldanha Bay, Cape Colony, May 1904.—One female, 7 mm.

Plate, fig. 5, gives a general idea of the form of this species and shows its most

characteristic feature, namely, its ornamentation or armature of short, stiff" bristles on

all the segments of the body.

The head and the first three segments of the thorax equal together the length of

the large middle segment. The last three segments of the thorax are widely separated.

The metasome has tv/o segments partially marked off with transverse sutures.

The setse are found on the dorsal surface of the animal, on all the segments, as well

as on the head and metasome. The surface of the body is irregular, roughened, and

microscopically spinulose, but there are not any distinct tubercles. The first three and

the last three segments of the mesosome are elevated dorsally when seen in lateral view,

and the setse are arranged in a broad band across this elevated part, and are most

numerous in the centre. The well-marked intervals between the last three segments

of the mesosome are devoid of setse. The middle segment of the body shows two

setigerous areas, a wide and broad anterior one and a narrow posterior one, separated

by a shallow depression devoid of setse. This is shown very well in lateral view.

Both the setigerous areas are elevated and roughened ; the non-setigerous band, smooth

and depressed.

The eyes are moderately well developed and lateral. The superior antenna reaches

to the level of the distal end of the second joint of the peduncle of the inferior antenna.

The flagellum is equal in length to the last two joints of its peduncle and bears olfactory

filaments.

The inferior antenna is two-thirds of the entire length of the animal from the

front of the head to the posterior end of the metasome. The fourth joint is equal in
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length to the preceding three joints, and slightly longer than the fifth joint. The

flagellum is short, about half as long as the fifth joint, composed of three joints, the

last joint terminating in a spine. I cannot see any denticulations on the inner margin

of the flagellum. The inferior antenna is armed with a few scattered stout setae

similar to those which are found on the body, but there are no teeth or spines

of any kind.

The first gnathopods are broken off on both sides. The remaining legs present no

special features.

Only one other South African Arcturid is known, Antarcturus kladophoriis,

Stebbing (1908). From this species ^. orymtus is readily distinguished by the quite

difierent character of the armature of the body, by the shorter and stouter inferior

antenna, and by the shorter flagellum to the latter. I know of no species of this group

with which A. ovnatus can be confused. Spiny and tuberculous forms are common, but

no setigerous species have been described.

The generic position of this form is doubtful. Stebbing (1908) gives a table for

the discrimination of genera belonging to this family, based primarily on the number of

marsupial plates. Koehler (1911) has shown that all the genera of Arcturidse possess

three oostegites, and that therefore this character is useless for generic separation.

This discovery increases the difliculty of deciding the generic position of the species of

the family. In the general form of the body, A. ornatiis approaches Antarcturus and

Arcturella, and 1 provisionally refer it to the former genus. It cannot be referred to

Arcturina, Koehler, because the second and third thoracic limbs are not robust,

but conform to the type met with in Antarcturus. Male specimens are necessary to

decide whether it should be referred to the genus Arcturoj^sis, Koehler. The

separation of the epimeral plates would seem to exclude it from the genus Fleuroprion,

zur Strassen.

Tribe ASELLOTA.

Family Janirid/E.

Genus lais, Bovallius.

lais pubescens (Dana).

1. pubescens, Stebbing, 1900a.

Scotia.

Station 118, lat. 51° 41' S., long. 57° 51' W.

A large number of specimens of this curious and interesting commensal Isopod

were found in the bottles containing Exosphxroma gigas from Port Stanley

and Port William, Falkland Isles. They were, presumably, living on the latter

species when captured. I have nothing to add to Stebbing's description of tlie

species.
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Tribe EPICARIDEA.

Family Bopyrid^.

Genus Prohopyrus, Giard and Bonnier.

Prohopyrus latreuticola (Gissler).

Scotia.

Station 538, lat. 32° 11' N., long. 34° 10' W., tow-net.—Eight, from

Latreutes ensiferus, captured among tlie Gulf weed.

Family Dajiid^.

Genus Heterophryxus, G. 0, Sars.

Heterophryxus appendiculatus, G. 0. Sars. (Plate, figs. 14 and 15.)

H. appendiculatus, G. 0. Sars, 1885a.

Scotia.

Station 39, lat. 6° 43' N., long. 25° 48' W., tow-net.—One female, with

attached male, free in a tow-netting containing many Euphausia

americana, Hansen.

Station 512, lat. 0° 22' N., long. 18° 43' W., tow-net.—One female, with

attached male, from Euphausia americana.

It is almost certain that the specimen from Station 39, found unattached, was

originally parasitic on EupJiausia americana, of which there were over one hundred

specimens in the same gathering. Thus both specimens in this collection were from

the same host.

These specimens differ from those described and figured by me (1905) from

specimens taken from Euphausia Krohnii in the form of the last pair of legs.

I figure on the Plate these limbs from one of the present specimens (fig. 14) and

from a specimen taken in the North Atlantic to the west of Ireland (fig. 15).

It will be seen at once that, in the specimens from E. americana, the inner branch

of these peculiar appendages is shorter and stouter than in the specimens from

E. Krohnii. These figures illustrate incidentally the most frequent position of the

limbs in preserved specimens. I cannot decide at present whether this difi"erence

is of specific value. In the first place, the host of the type specimen must be

considered uncertain, in the light of Hansen's recent work. It was called Euphausia

pellucida by Sars, but Hansen has shown that Sars confused several distinct species

under that name. The host of the type specimen was taken in the North Atlantic,

near to Cape Verde. This is just the locality given by Hansen for E. americana,

and though there is no improbability that the specimen is a true E. Krohnii, it is

more probable that it is E. americana, the same species from which the present

specimens were taken. I have examined the type host and parasite in the British
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Museum, but tlie}^ are mounted in Canada balsam, and are only to be seen in

lateral view. It was not possible to make sure either of the species of the host or

the form of the legs in the parasite. Until this matter can be settled, it is not

desirable to consider the differences noted above as specific. If the type host is

E. Krohnii, the differences can only be regarded as varietal ; but, if E. americana,

the grounds for considering them specific are strengthened. On the principle

enunciated by Giard and Bonnier, each species of host has a separate species of

parasite. The genus Heterophryxus would seem to be a favourable one in which

to test the truth of this axiom, for the form and shape of the last pair of legs

seem to afford more definite characters than are usually to be found in the species

of this group. It would be necessary to examine a large number of specimens taken

from definitely and accurately named hosts, to decide the point. In the meantime,

it seems to me to be best to refer the present specimens to the type species, with

a note on the differences they exhibit.

Genus Dajus, Kroyer.

Dajus sirielldB, G. 0. Sars.

D. sirieJlx, G. O. Sars, 1885a.

Scotia.

Station 12, lat. 22° 19' N., long. 22° 07' W., tow-net.—Several in the

Cryptoniscan stage.

Station 14, lat. 21° 28' N., long. 22° 40' W., tow-net.—One female, with two

males attached, from the incubatory pouch of Siriella Thompsonii.

Station 56, lat. 0° 42' S., long. 31° 20' W., tow-net.—One female with male,

free, but almost certainly from one of the thirty-eight specimens of

Siriella Thompsonii in the same gathering.

Station 62, lat. 4° 15' S., long. 33° 38' W., tow-net.—Two females with

males, from the incubatory pouch of Siriella Thompsonii.

This species was originally described by Sars from specimens taken from Siriella

Thompsonii captured during the cruise of the Challenger. It has not, so far as I

am aware, been recorded since that time, until last year, when Hansen (1912) noted

the presence of an Epicarid, probably this species, from the same host, captured in

the Eastern Pacific.

The occurrence of two males with the same female is of interest.

Sars' type specimens, both male and female, were immature, the male being only

in the Cryptoniscan stage. The present female specimens, presumably mature, have

the incubatory pouch prolonged backwards in two bluntly rounded projections, which

meet in the mid-ventral line and extend beyond the end of the pleon. The pouch is

also prolonged in front beyond the head, on either side. The segmentation of the
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body is distinct throughout, and there is no cordon for the support of the male. The

pleon in the female is terminated by a pair of biramous uropods, not uniramous as

figured by Sars. In this respect the species diifers from the genus Dajus, to which

it was referred by Sars, and it is possible that this diiference may, in the future, be

thought worthy of generic significance; but I do not feel able at present to go into

the matter fully, as I have not enough material for the purpose. I do not know of

any other genera of Dajiidse in which the uropods of the female are biramous.

The adult male has the pleon unsegmented, narrow, pointed, and slightly curved,

and terminated by a pair of uniramous uropods.

Both the adult male and the Cryptoniscan larvae are characterised by the excessive

development of dark pigment, so well illustrated in Sars' figure. This feature enables

the larvae to be identified in tow-net gatherings.
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EXPLANATION OF THE PLATE.

Fig. 1. Exosphasroma tristense (Leach), male. x 8.

Fig. 2. Exosphxroma Kruusii, sp. nov., female. x 8.

Fig. 3. Exosphxroma Coatsii, sp. nov., female, immature. x 8.

Fig. 4. Exospheeroma Coatsii, sp. nov., adult female. x 8.

Fig. 5. Antarcturus ornatus, sp. nov., female. x 10.

Fig. 6. Exosphxroma Krausii, sp. nov., extremities of the uropods.

Fig. 7. Dynamenella sp. 1, telson and uropods, dorsal view.

Fig. 8. Dynamenella sp. 1, telson, ventral view.

Fig. 9. Dynamenella sp. ?, telson and uropods, dorsal view.

Fig. 10. Dynamenella sp. % superior antenna.

Fig. 11. Boreomysis Brucei, sp. nov., dorsal view of anterior end.

Fig. 1 2. Boreomysis Brucei, sp. nov., antennal scale.

Fig. 13. Boreomysis Brucei, sp. no v., telson and uropods.

Fig. 14. Heterophryxus appendiculatus, G. 0. Sars, last leg from a specimen taken from Euphansia

americana.

Fig. 15. Heterophryxus appendiculatus, G. 0. Sars, last leg of a North Atlantic specimen from Euphausia

Kroh7iii.

Note added in the Press.—While this paper was iu tlie hands of the printers, I received a copy of Hansen's Report

on tlie Crustacea Schizopoda of the Swedish Antarctic Expedition, but I have been unable to insert references to it

in the main body of the text or to modify the latter in any way in accordance witli Hansen's latest observations.

Three new Antarctic Mysidic are described, and further records of known species given.
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XVII.—An Analytical Theory of the Equilibrium of an Isotropic Elastic Rod of

Circular Section. By John Dougall, M.A., D.Sc. Communicated hy Prof. G. A.

Gibson.

(MS. received April 1, 1913. Read November 3, 1913. Issued separately January 19, 1914.)

The main purpose of the following investigation is to improve the existing Approxi-

mate Theory of Beams by bringing it into closer relationship than has hitherto been

done with exact solutions of the fundamental differential equations of equilibrium. In

its aim, method, and results the paper closely resembles one already published in

these Trcmsactions on the corresponding Theory for Plates (vol. xli., 1904). It is less

comprehensive than the latter paper, as it deals only with a beam of circular section
;

but the analysis is of such a nature that the chief results can be extended almost

immediately to a beam of any form of section, on the assumption merely of certain

Existence Theorems.

A complete solution is given of the problem of equilibrium of an infinite circular

cylinder subjected to the action of a force in any direction applied at a single point of

the body, whether at the surface or in the interior.

Tlie problem of given surface tractions has been considered by Lame and Clapeyron,

PocHHAMMER, Chrbe, and Tedone.* PocHHAiMMER uses the method of particular solu-

tions to solve the problem for the case when the applied tractions are periodic functions

of 2, the axis of z being the axis of the cylinder. His solution is therefore not quite

general, not sufficiently general even to give a particular solution for the tractions

at the cylindrical surface in the case of a finite cylinder, since tractions independent

of z are not included. This defect, however, could be remedied very easily.

In the present paper, the solutions for given surface traction follow up to a certain

point practically the same lines as Pochhammer's, but the use of Fourier's Integral

instead of Fourier's Theorem makes it possible to deal with surface conditions of quite

general form, and hence to deduce the solution for a single force at a point on the

surface.

Previous writers have not dealt specially with the general case of internal force,

but this is considered in detail here, solutions for a force at any point of the body

being found in perfectly analogous forms to those for a force at a point on the

surface. The method is to begin with the well-known solutions for a single force

in an unlimited solid, to expand these in infinite series of integrals involving the

harmonic functions of the circular cylinder, and to balance the elementary terms of

these series.

* L. PocHHAMMBR. J. f. Math,, Ixxxi. (1876), p. 33; C. Chree, Gamb. Phil. Soc. Trans., xiv. (1889), p. 250
;

0. Tedone, Roma. Ace. Line. Rend. (5), xiii. (1904), p. 232 ; of. Encyk. d. Math. JViss., Band iv. S. 150.
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So far these solutions are only improvements and extensions of Pochhammer's, but

at this point a step is taken which completely alters their character, and makes them

immensely better fitted for application to the Approximate Theory of a finite cylinder.

This step is to transform the definite integrals which occur in the general term of the

solution into infinite series, by means of Cauchy's Theorem in the Theory of Functions

of a Complex Variable. The solution is thus expressed in terms of a doubly infinite

series of particular solutions of the general equations of equilibrium under no forces.

The form of the general term is discontinuous at the cross-section which passes through

the source, that is to say, the solution is expressed by series of one form on one side of

the source, and another form on the other side.

The particular solutions of which the general solution for a single force is composed

fall into two distinct classes, on whose characteristic properties immediately depends

the peculiarly simple form which the solution of the most general problem approximately

assumes.

The first class we call the permanent free modes of equilibrium of the infinite

cylinder. These involve only rational integral functions of the rectangular coordinates

of a point of degrees up to the third. They consist of the six modes of equilibrium

discovered by St-Venant, and of the six rigid body displacements.

The second class we call the transitory free anodes. Each of these is defined in

terms of a harmonic function of the type

e -Jm— COS m\<ii - oio),

where /3 is a root of a certain transcendental equation which does not involve a, the

radius of the cylinder. This equation has an infinite number of real, and an infinite

number of complex roots. The roots occur in pairs diff"ering in sign only, and only

such of the transitory modes occur in any solution as make ^z negative, so that this

part of the solution vanishes at an infinite distance. Obviously, when 2 is a moderately

large multiple of a, the value of the above function is very small, so that the influence

of the transitory mode is very slight, and the displacement and strain are approximately

given by the permanent modes only.

The coefticients with which the various permanent modes occur are rational integral

functions of the coordinates of the source of the third and lower degrees. There are

simple and interesting reciprocal relations between these coefiicients as functions of

{x\ y', z') and the displacements of the permanent modes themselves as functions

of {x, y, z).

The strains due to the permanent modes depend only on the statical value of the

applied force, a striking example of St-Venant's principle of the elastic equivalence

of equipollent loads. But the rigid body displacements which occur in the source

solutions cannot be neglected, as they are not the same on the two sides of the source,

and, when solutions come to be deduced for extended distributions of force by

means of integration, the contribution of these rigid body displacements to the
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complete values of the displacements is next in importance to that from the straining

permanent modes.

An independent method for calculating the coefficients of the permanent and

transitory modes in the solutions for a single force is given, based upon an application

of Betti's Theorem, of which theorem much use is made throughout the paper. The

chief value of this method is that by its means the permanent terms of the solution for

any force can be found for any cylindrical boundary for which St-Venant's solutions

are known, if only we assume, what can hardly be doubted, that any source solution

can be expressed in terms of permanent and transitory modes analogous to those

for the circular cylinder. This apjjears to be a more satisfactory method than any at

present in vogue for determining the approximate character of the deformation of any

beam at a distance from the ends.

Solutions for any distribution of force in the body or at the cylindrical surface are

deduced from the source solutions by integration with respect to the coordinates of the

source. With the help of successive integrations by parts with respect to the variable

z', the solution is exhibited in the form of series proceeding by terms whose order in

the radius increases by two from term to term. These series can be stopped at any

point, an expression for the remainder being given. If continued to infinity they

may be convergent or only asymptotic, and a sufficient condition for convergence is

investigated.

It is shown that the successive terms of the asymptotic solution can be deduced by

a purely algebraic process from the complete solution in its original form before the

transformation by Cauchy's Theorem is applied.

At any section, say a critical section, where the applied force or any of its

successive z-derivatives is discontinuous, perturbations of the transitory type make

their appearance in the course of the process of integration by parts. These perturba-

tions secure the continuity of the displacement and stress at the critical section.

The order in a of the displacement and stress due to these perturbations is easily

made out.

A table is given of the leading terms in the displacements and stresses in the

general solution for an infinite cylinder. On the assumption that the body force per

unit volume is of order zero in a, and the tractions per unit of the cylindrical surface of

order one, this table gives explicitly all the displacements up to order one, and all

the stresses up to order zero, inclusively.

It is shown with the help of Betti's Theorem that any deformation of a finite

cylinder due to force at the ends only is expressible in terms of the permanent

and transitory modes of the infinite cylinder, the influence of the transitory modes

being confined to the neighbourbood of the ends ; and of course the solution for

the infinite cylinder gives a particular solution for force in the body or at the

cylindrical surface.

An approximate solution of any problem is thus obtained involving undetermined
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permanent and transitory modes. The permanent modes are then found exactly in

tlie cases when the data at an end are one or other of the three sets, not necessarily the

same set at the two ends, viz. :

—

(i) B,zy,zz,

(ii) u^,u^,zz,

(iii) u,,£:,zi/.

In cases (ii) and (iii) it is pointed out how the complete solution, including the

transitory modes, can easily be found. The case (ii), with u^, Uy, zz all zero, corresponds

closely to the important practical case of a simply supported end.

When the data at an end are

(iv) %. ,u^,u^, all zero,

corresponding to a built-in end, the permanent modes are deduced to a first

approximation.

In the aggregate result, it is completely confirmed that the ordinary approximate

theory does really give a first approximation to the exact solution.

Finally, an independent investigation of the asymptotic solution is given, based

directly on the difi"erential equations which hold in the body and at the cylindrical

surface. This investigation brings out very clearly from one point of view the origin

of the peculiarly simple form of the leading terms. This is seen to depend essentially

on the fundamental principle that, unless the applied forces fulfil of themselves the

statical conditions of equilibrium, the only solution of the differential equations is a

rigid body displacement. An analysis of the asymptotic solution has been given by

PocHHAMMER.* The interest of his investigation suff'ers somewhat, however, from its

being based on the initial assumption, not completely justified, that zz is of lower

order than any other component of stress.

The work on this paper was undertaken in connection with my appointment to a

Carnegie Research Fellowship. I am glad to have the opportunity of acknowledging

my great indebtedness to the Carnegie Trustees for their generous assistance, but for

which it is not at all likely that I would have been able to complete the paper.

1. Equations of equilibrium. Strains and stresses in cylindrical coordinates.

The equations of equilibrium of a homogeneous isotropic elastic solid in rectangular

coordinates are
Zxx dxy dxx ,^3-+^ + -5- + X = 0,
ox ay oz

arp SJ/ 3^2

dxz dvz dzz

(1)

where X, Y, Z are the components of the body force per unit volume ; and xiJt, yy, zz,

* L. PoCHHAMMER, Uutersuchungen nber das Gkichgemcld dcs elastinchen Utahes, Kiel, 1879.
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xT), xz, yz are the components of stress, these being given in terms of the displacements

Uy;, Uy, u^ tj thc cquRtions

01/ \ az vx /

" \ A , T 9^- ^ /9w„ 8mA

(2)

where

. du^ du,, du.A =—^ ^ ? -) ?

3a; 9// 8z

In cylindrical coordinates p, w, z the displacements are u^, u^, u^ ; the strains are

Spp — dUp _ 1 du^ Up

p 0(1) p

SO that

p oa> dz 82 dp

. 32<o 1 dWu, ?ifl 3 m,A = —°-\ "! + -i* + ^
3p p 3(1) p 3^

3m„ ?*„ 1 3?<p

dp p p d(D
(3)

The stresses are therefore

— \ * , <i
f^Wp " /3?«„ zi„ 1 3w.\ ^ /dup du'

PP = AA + 2;.^, P-K3p-7^7S^)' ^^ =K^^37
^. = AA + 2;.^'\ £5 = ^(1 ^^i + Sf"),

3z \ p 3(0 3^ /
o.c. = AA + 2p(l^ + ^^)

p Oil) p ' J

(4)

2. General solution of the equations for the displacements, in terms of three

independent harmonic functions.

The equations of equilibrium under no body force are, in terms of displacements,

and in rectangular coordinates,

^3A 3A 3A\ n ly.

(2)

(3)

(4)

The following solutions of these equations are easily verified :

—

/V „ _,8V =_ 9^^ „9^^ 2(A + 2ja)3^

3z?
' "^ ''322 • '"' "^^-'^-^ ^

d6 d6 dO

\ 3a;

'

"^3^ 32
'

Mj. =—

,

?<„ = - —
, "2 = ;

"^ 3y
'

•' dx' '
'

dxdz dj/dz k + fx dz

where <^, 0, and \|^ are harmonic functions, that is to say, solutions of Laplace's

equation.

(5)We shall use the symbol v for -\ ^-^ = 4(1 - a).
A + p.

In (2) A = (2 - vf^ , in (3) and (4) A = .

32^
(6)
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The displacements in cylindrical coordinates can be written down at a glance from

(2), (3), and (4) ; they are

d^
^^'W

d-d> d<f>

opdz dz oz

p 9(1

dp'

dW

These give by (4) of Art. 1
*

(U, dZ' opoz^ op^

pw_d^ 2_ d^6 2 8(9

yu. 8(1)82''' p 8p3(o p- 8(1)

px: _ ., 83^ _ 82^ 2. i!^ . 9^
p, dz'^ dpdz p dw'^dz dpdz

p 8p8(o p2 8(j)

_ 8V J_ 3^ 1 8V
8p2 p 8p p2 8(0^

'

p 8(io8z

(7)

(8)

The symbols cp, 0, and ^ will be reserved throughout for harmonic functions defining

a deformation of the cylinder as in (7).

It will appear that any deformation whatever, within a part of the solid to which

no body force is applied, can be specified in this way. The specification is not unique, t

as may easily be seen, but this leads to no practical inconvenience.

3. Solution of a sirrtple problem of surface traction. Fundamental free modes of

equilibrium, pe7'mane7it and transitory.

We begin with a simple problem, the solution of which will be useful hereafter.

Let the eiven surface tractions be

/3Z

where Pq, ^oj ^0 are constants.

Assume

PP = P„e a cos ni((o - co'),

_ -^^
.

poi = fi^e n sin m{ii} - o) ),

^ -^
p2 = ;SZj,e « COS m(o) - 0/),

<h — AJ,,,—e a cos ??2(co — (u'),

a

ftp _^?
6 = BJ,„^e a cos m(oj - oj

)

a

Bp -^ .

xj/ = CJ„,— e a sin ?w(oj — 0/),

(2)

or, in a compact notation which will frequently be used,

V rv c r-i' «sin^(--''^) (3)

* Such a reference will be given briefly in the form, 1 (4),

t Cf. Art. 11.
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The equations for A, B, C are

- Po = A(v - 2/32J + 2yS3J') + B2^2j"

-0„ = A(-m/32J)

«2

+ C(2?n/3J'-2mJ),

+ B( - 2m/3J' + 2?«J) + C( - yS^J" + f3J' - m'^J),

H-

Z(, = A( - 2y82j + vySJ' + ??i2J) + B( - 2;8J') + C( - mJ),

(4)

where the argument of the function J and of its first and second derived functions J'

and J" (written for brevity instead of J,„, JJ, J,„"), is /8.

The determinant of the equations (4) will be written throughout the paper in

the form
a

(5)

(6)

^3, mi "3,7;i) ''S.i/i

The first minors of D,„ will be written Ai ,„, Bi ,„, Ci,,„ ; A._,
„,

, etc.
;

but tti, Ai, etc., will often be written instead of c<i ,„, Aj „j, etc.

We may also note here that the functions of m and /3 obtained when J, J', J" are

replaced by G, G', G'' * in

^2, 7H ) ^2, til ) ^2. r.

*3, »K ) "3, 7(1 ) ^3, III
^

*l,m ) /-'l.m ) yi.i

will be denoted by a.^,,,,, /3.i,i«> T-',)

*3, 711 ) Ps, m ) 73, >

(7)

The solution of equations (4) is

A = - ~(PoA,,,„ + 0,,A2,„, + Z,A3.7„), ^
/*-L)„i

B = *- J-(P„B,,„, + n„B,,,„ + Z„B3,,„),
/A D,.

a2 1
C = — =—(PoCl, ,„ + i^oCs, 7,1 + ZuCg,,,,).

(8)

M-L'm

The problem (1) is thus solved, unless (3 is a zero of D^^. To get a solution for this

exceptional case, let A', B', C' be written for the coefficients of ^=— on the right of

(8), and suppose to begin with that /3 is not a zero of D^. Then

\\l; j
=

i C' 7'"^' " sin
'"(" - "^ )

Sive, at p = a,

/pp p5,\ ^ 1^ p, ,J3Z, ,\ -f cos
^^^ _

Differentiate as to /8, and then let /3 become a zero of D,^.

Thus
M, ^,\ 3 / /A', B',\. /?P J-^ ) cos , ,, . , \

rVrS^iv C' 7"'«' "fsin'"^^-'")
give,atp = a,

(9)

PP^P-A = ^dBJdd^o '/^o A,-f cos _ ^,

,

pa) J a^ ' '^V Oq / sm ^
^

(10)

* Art. 15, footnote.
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We assume that D„, and dDJd^ have no common zero other than /8 = 0, so

that (10) gives a solution of the problem (1) for the exceptional case {cf. Art. 30,

at the end).

Since Pq, ^^o, ^q are arbitrary, we may in (9) put any two of them equal to zero.

Thus, if /3 is a zero of D„„ other than (3 = 0, the solutions

{'•;> {r-cf")
"' {\:-) - c^'tf") }.'.-^= ::'«(«-») . ^ (..,

give vanishing values of pp, pw, and pz at the surface of the cylinder.

Since D,;i= 0, we have, of course,

Ai:Bi:Ci = A2:B2: €2 = 13:63:03 (12)

so that the three forms in (11) are really one and the same solution, except for a

constant multiplier. This solution will be called a transitory free mode of equilibrium

of the cylinder.

For each value of m the function D„j has an infinite number of zeroes, so that the

fundamental numbers /3 form a doubly infinite system.

For every m an infinite number of the zeroes of D,„ are real, and an infinite number

complex, but none are purely imaginary (Art. 30).

Since /3~^"'D„i is an even function of ^, the zeroes occur in pairs differing

only in sign.

In (2) and (8) the expansions of ^, 0, and \|^ in ascending powers of /3 contain

terms of negative degree in /S, the coefficients of these being rational integral harmonic

functions of x, y, z. If the coefficients of a negative power (S"" be taken as the

^, 0, and ^ defining a strain, these can give no traction at jO = a, since the coefficient

of i^"" is zero in the expansions of the values (1) of the surface tractions.

When m>l, the displacements deduced from such values of (^, 0, -^ vanish identi-

cally ;
* but when n% = 1 and ra == 0, they give solutions under no body force or surface

traction which we call the permanent free modes of equilibrium of the cylinder. Of

these it is convenient to consider that there are twelve, viz. six permanent st^-aining

modes, and the six rigid body dis2')lacements. The former are the solutions which

were obtained synthetically by St-Venant.

The permanent and transitory free modes together constitute a system of funda-

Tnental solutions in terms of which, as will be shown, any deformation of the cylinder

may be expressed, within a region where there is no applied force.

4. Statement of the general problem, of surface traction. Fourier s TJteorems.

We require values of <p, 0, \|^ which shall give, in accordance with 2 (8), at p = a,

the normal traction pp = N(a), z), ^

the transverse traction pw— T(a), 2), 1- • • • • (0

the longitudinal traction pz= L(a), z), J

* Cf. Art. 11.
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(2)

where N, T, L are given functions, which we shall suppose to vanish at all points out-

side a certain finite portion of the cylinder lying between two cross-sections z = Zy and

z = 22) where z^z^.

The functions N, T, L are expressed in forms suitable for analytical treatment by

means of Fourier's series and integral.

Take the function N, for example.

We have

N((0, z) = :7-
I

N"(a) , Z)(h,i + — / N(a)', z) COS (o) - w)<lw +
zttJo it Jo

= - ^ / N((j)', ?j) cos m{(i> - (o')ch}',

IT m JO

to use a well-known and useful notation. "*

Also

N(<,)', z)^l[ (Ik rN{m', z) COS k{z - z')dz.

By combination of (2) and (3),

N(w, z) = --^ I '/o) I ifK I N((o', z') COS k(z - z') cos 7n(o} - <ji)ilz'.

Tt'- m Jl) Jo Jz,

The expansion (4) suggests that we may be able to deduce solutions for the three

general problems of (1) from solutions of the three simplified problems in which

N, T, L in (I) are replaced by cos ^(z — 2') cos m(w — w').

5. Normal traction. Simplest case. Any distribution over a finite area. Unit

element.

For the simplified problem of normal traction, assume

A, B,\t •
/ '\ cos / '\ /i\

,) „,iKpcos k(z - z) . m(oi-u>). . . . .• . (1)
'" ' ^ ' sin ^

' '

(3)

(4)

iff J^\ C

These values of <p, 0, \f^
give at /o = a, from 2 (8),

pp^ = I A(2 - VK%2J - 2iK%3j') + B( _ 2K^a\V') + C( - 2m){3 - iKaJ') } cos k{z - z) cos m(o> - 0/),

.a^
0(0— = {AjHK^ay + E2m(.J - tKaJ'} + C(K-a-^J" + iKaJ' - vi^J)} cos k(z - z) sin m{w - oj'),

r (2)

„ffl
i^— = { A(2K2rt2j + „^va.l' + m2J) + B( - 2?V«J') + C( - mJ)

JU.K

I sin k[z - z) cos »«(oj - w'),

where the argument of the functions J, J', and J'' is iica.

It will be convenient to take advantage of the notations introduced ip Art. 3 by

writing /3 instead of ixa in certain of the terms of (2). Thus (2) become

pp— = (Aftj + B&i + Ccj) cos k{z - z) cos ?k(o) - w'),

(Afflj + Bi2 + CC2) cos kI'z - z) sin 77?(o) - 0/),

pz— = (Artg + B&3 + Ccg) sin k(z - z') cos to(w - w).
/XK

(3)

* Anothernotation, also well known, is sometimes convenient, viz. we define €„, as equal to 1 for m>0, but

equal to | for m= 0. Thus 2''"m= 2 em"m= 5^0+ "1+ '"2+ nd co .

TRANS. ROY. SOC. EDIN., VOL. XLIX. PART IV. (NO. 17). 124
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For the problem of normal traction cos k[z — z') cos m{w — w')

Artj + B6j + Ccj = —

.

I'-

Aa^ + Big + Ccg = 0,

Attj + Bfog + 0(^3 = 0,

which give

A = ^'a„„/D,„, B = ^1\JB„,, C = ^C„„/D, (5)
IX fl fl

For the general problem of normal traction equal to N(«, z) we now, in view of

4 (4), naturally try the result of multiplying the values of <p, 6, ^ defined by (1) and

(5) by N(w', z'), and taking — '^' [^''dw' ( dKi^^dz' of the functions so obtained for the
TT" ,„, JO Jo hi

required values of <^, 0, \|/.

We find, however, at the outset, that the /c- integrations cannot in general be carried

out, on account of the form of the functions of (1) and (5) near /c = 0. But this

difliculty is easily surmounted, for, as was remarked near the end of Art. 3, the terms

of negative degree in k which occur in (p,9,^ of (l), (5) can contribute nothing to

surface traction at p = a, and as they have the form H4/K:* + Hg/f^, all we have to do is

to subtract them from the values of (p, 0, and \|/ given by (l) and (5).

The tentative solution for normal traction N(ft', z) is now

where A, B, C are defined in (5) and 3 (6), and

(

""
',

"
' ) are the terms of negative deo;ree in k in tlie ascending power expansions of )

A V cos [ •

^"'^

( '(^''jJ„Ap cos k(2-z')^°'J ;»(<,) -0/).
j

We shall not stop here to give an a posteriori verification that (6) actually defines

a solution of the proposed problem.* We should require to prove that all the

differentiations necessary to show that
(f>,

0, and -^ in (6) are harmonic, and to derive

the values of the tractions at an internal point, can be performed within the signs of

summation and integration, and then to prove that the limiting values of these

tractions as the internal point is made to approach the surface are fp = N(w, 2), po) = 0,

p2-0.

The main point to be insisted on is that in all these manipulations we may deal with

an internal point, so that p<ia.

Ill (G) we may alter the order of the summation and integrations to

r'd,^-rN(o>,zy/z'z,'rdK\
\

(8)
Ja Jz, m J» { ]

Suppose now that N(«, 2) vanishes except over a small area t„ enclosing the point

(a, M, z'), and let it be constant and equal to Nq over this area. Let o^, diminish and

* (Jf. Art. 50.
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No increase without limit while NuO-^, remains equal to unity. The limiting form of (6)

is, by (8),

(V0%i2X<H(V'>>''»"(-'-)r»("-"V(*'^f-')}. . . m
We shall call (9) the solution for a unit element of normal traction at {a, «', z').

From (8) we see that the solution for any distribution of normal force over a

finite area can be derived from this by multiplying by N(ft)', z') and taking the surface

integral over the area with respect to the accented coordinates.

Lastly, in the study of the solution, we may simplify matters still further by con-

fining our attention in the first place to the part of (9) depending upon a single integer

m. This is

(V0-Ai/'"K%>'''""<-^'):£'"("-'">(*7'")}- •
<"'

6. Unit element of normal traction. Transform^ation of the solution in definite

integrals into a solution in series, by Cauchy's Tlieoi'em.

The m-component of the solution for a unit element of normal traction at (a, «', z')

is, by 5 (5), 5 (10),

In each of the three integrals here, the integrand is a uniform, even function of k

of the form
E(k) cos k(z - z) - E„(k),

where E„(k:) stands for the terms of negative degree in the expansion of E(/<:) cos k{z — z')

in ascending powers of k.

Now

r{E(K)cosK(z-z')-E»W}'^'« = i/ {li('<)cosK(z-z')-E„(K)}(''K. ... (2)

The latter integral may be regarded as a complex integral, and its path of

integration can be deformed.

Two paths of integration in the ^-plane which will be used frequently are defined

as follows. Let a circle of radius e be described about the origin as centre, where e is

a positive quantity which for convenience will be taken to be small. Then the first

path passes along the real axis from - <» to -e, along the upper semicircle from

- e to e, thence along the real axis from e to oo ; the second 'path differs from this only

in taking the lower semicircle.

Thus the right-hand member of (2)

= 1 /"{E(k) cos k{z - z) - ^n{x)]dx, (first path)

|

r
\

^^^

= \ I
E(ic) cos k{z - z')dK, (first path),

,

J

ciK
for evidently -^ over the first path vanishes.

J
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This again is equal to

|fE(K)e-'''(^^'WK^ (first patli) + I fE(K)e''<(^-2'W/<, (first path) . . . • (4)

= :|fE(K)e-''«(^-2'WK, (first path) + ^fE(/<)e-''<(^-^)(^»c, (second patli), . • (5)

as we see by changing k into —k in the second integral of (4).

The result may be written

/ {E(/c) cos k{z - z) - E„(K)}rfK = 1 \^{K)e- ''<(^-^'>'('k, (first and second paths). . (6)

In the second integral of (6), change the variable from k to jS, where ^ = ua, as in

Art. 5 after equations (2). If E(«:) thus becomes E^, we obtain

I {E(K)cosK(2-2')-E„(K)}(?K = -^lE,3e « J/3, (tliird and fourth paths), . . (7)

where the third and fourth paths in the jS-plane pass from — oo i to oo i along the

imaginary axis, except near the origin, where they follow a small semicircle to the

left and right of respectively.

Applying the transformation (7) to the integrals (1), we obtain

M, ^,\ ^ ^ / 1 ( A,, B,.,„ , I
j^^-^-i- cos ,^ _ ^ry^^

j^.^,^^ ,^^^^ ^.^^^^,^j^ j^

Here, of course, D,„, Ai„j, Bi „„ G^^„^ are to be expressed in terms of ji. [Cf. Art. 3

and Art. 5 after (2).)

Let iS = ^+ ir)^ where ^ and >; are real.

Consider a rectangle SABN formed by the lines ^=0, (tSN)
; ^ = N'7r+ +—

,

(AB); 2/ = N, (NB); y-=-N, (SA).

It can easily be seen that sufficient conditions that each of the integrals in (8)

taken over the path SABN from S to N may tend to zero when N is increased

indefinitely are 2>2' and p<jii. Hence, by Cauchy's Theorem,

each of the integrals (8) over the fourth path I „,

= - 2iTi (sum of the residues of tlie integrand at the zeroes of D,,„ to the riglit of 0), |
' ^ '

the terms of this infinite series being so arranged that the moduli of the zeroes are in

non-descending order of magnitude.

A series taken over these zeroes so arranged will always be denoted by 2-

Again, each of the integrals (8) over the tliird path I

= integral over the fourth path - 2iri (residue of the integrand at 0)

Hence, from (8), (9), (10), in a more precise notation,

/^r, ' ^p.A e,„ >r, 1 i
A, „. , B, ,„ , ) . /Jp -^(i^) cos , ,,

- —^ coefhcient of -^ in -— {
'•'" '"" } J,„^e a . miw - w ).

(11)
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Thus (1) is equivalent to (11) within the cylinder if 2>2;'; the corresponding

equivalent to (l) when z<2' can be seen at once from (4), (5), (6), (7) to be obtainable

from (11) by changmg e" « into e a .

The two forms for (p, 9, or ^ in the regions 2>2' and 2<2' respectively represent

one and the same function (l), which is regular for all finite values of z within the

cylinder.

Fo7- a unit element of 7'adial traction at (a, w', z')

(<^, 6, v)=(<^p,,^p.,V'iv)=2:'(<^;;',,6^;;,^pj (12)

7. Transverse traction. Solution in series.

Take - — of the expressions in (1), (2), (3), Art. -5, and it is seen that
711, 9ft)

6, 9,\ a- 1 /A., „. , B., ,„,\ r . , ,. (-sin) / ,>. y-,\^'
,

' =— -"'I
-

]j ,,,'lKp con k(Z - X )
^ 'Vtiw-ID) . . . (I)

•A / //. D„A ^2.,n J '" '
^ ^ COS ^ ' ^ '

give, at p = a,

pp = 0, pw = cos Vl((x) - Oj') COS k(2 - z), />Z = 0.

Comparing (l) here with 5 (1) and 5 (5), we can write down at once the result

corresponding to 6 (ll), (12), viz. that /or a unit element of transverse traction at

(«, ft.', z')

{<l>,0,f) = ^i<t^Z,Ol,^'^^), (2)

where

/•^l.flA _e,y
.

1 (A, E,., I ^Jp^-^M(-sm) ,

^ . coefficient 01 — in ^— < '-'A io„P^e » ' j/<(aj - oj ),

27r/x /3 D,„l C,.„, j '"a cos ^
^'

for 2>z' ; for 2<2' the same with 2^ — 2 instead of 2 — z!

.

(3)

1 7s

Take - — of the expressions in (1), (2), (3), Art. 5, and it is seen that

8. Longitudinal tractio7i. Solution in se7'ies.

1 d_

K dz

give, at jo = a,

pp = 0, fHo = 0, 'pz = cos m((u - (o') cos k(2 - z).

Following the lines of Arts. 5 and 6, we find for the m-component of a unit

element of Z traction at {a, w , z')

(
'^^' 5'

) = -^ /-I- (
^^™' ^'™' i J^^e-^^'a

'^^f'
m(a> - <^')dp, (third and fourth paths). (2)

The form (2) is convenient for changing to the series of residues at and to the
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right of 0, when z>z'\ when 3<2', vve may either change to the series of residues at

and at the poles of D,„ to the left of 0, or, preferably, change the variable from ^ to

— p m (2), wliicli has the same enect m this case as changing e « into —e~or.

Thus we find yor a unit elerneid of' longitudinal traction at (a, w\ z')

/C> C\ e,„ „ 1 ( A3,„,B, „,,»-, /ip -«i^' COS
, ,,

\ "A/.^. J TT/ji^fSdDJdf^] G,,,„
J "'a «iii ^ ^

e,„ ui • . r 1 1 ( A.. B.. I ^ /3p -5^^:^ cos ,- —!^ . coethcieut of ^ in -—— ' •' "•' "^- '" ' I J ^e a
. tnico - oj ),

(3)

for z>z'; for 2;<2', interchange z and 2' and change the signs of (^, 0, and ^.

For a P or an ^ element of traction, (/), 0, and v|/ are even functions of 2 — 2' ; for a

Z element they are odd functions of 2 — 2'.

The solutions for the wi-components of an element of traction at {a, co', z') may be

considered to belong to a linear distribution of traction over the circle 2 = 2', p = a, the

intensity of which is -^ cos m{co — w') per unit length.
7ra

9. Simjdifications in the case of traction s ipmnetrical about the axis.

The solutions given in Arts. 5 to 8 do not fail when 'm=0, but on account of the

vanishing of «», ^-^d 62 0, the determinant Dq reduces to C2_oC.2^o-

The effect of this is that the determination of v/^ becomes independent of that of

({) and 6 ; also that for normal and longitudinal traction only <p and occur, for

transverse traction only \//-.

The simplified results may easily be deduced from those of the general case, or

they may be investigated independently. We merely write them down here.

In each case what is given is the symmetrical comjwnent in the solution for a unit

element of traction.

Normal traction.

|3(Z-2') ^

<*• ^> - - ^^iijsf<''''
"*'

"
"'">''"^"

«2-/)
1 11 «o -P^-"^'

---L . coefficient of L i,, ^(2^8-)', v/3J' - 2/32J),l„/^e « ,

for 2>2' ; for 2<2', interchange 2 and 2' in </> and 0.

The summation extends over the zeroes of C2, u with positive real part.

Transverse traction.

JLV 1
J

lip -g^>

1 \ 1 Bp -^-^^^">
I

'
' ' "

- -— . coefficient of - in —-— ^„^ „„Jn—e " )

for z'^z' ; for 2<2', interchange 2 and 2' in ^.

The summation extends over the zeroes oi /SJ^/S — ^^J^'^ with positive real part.

(1)

(2)
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Longitudinal traction.

1 ^ 1 , «p _«5z^)
('^' ^) = - 9^?;^n:^(2/3J", 2 - v^J - 2^2J')J„^^e «

(3)
1 1 1 /Jo _«iz^)

-^— . coefficient of - in (2/3J", 2 - v/3J - 2j82J')J,^e « ,

for 2>2' ; for z <2', interchange z and 2' and change the signs of <^ and 0.

The summation extends over the zeroes of Cjo with positive real part.

10. Jlie permanent terms in the solutions for surface traction, unit element.

These are found by ordinary algebraical expansion as indicated in the various

formulae 6(11), 7 (3), 8 (3), 9 (1), (2), and (3).

We recall the expansion of the function J, viz.

T
°''"

i 1

"^ °^^ ""
i /'1\'«* =2^m I

" 2(2m + 2)
"^ 2^(2m + 2)(2ni + 4)

~
2.4.6(2m + 2)(2m + 4)(2?» + 6)

"^
•

• • j- • { )

As some of the leading terms in the expansions of D,„ and its first minors vanish

when TO = or 1, it is best to consider these cases separately.

In all the cases it will be seen that the permanent parts of the values of (p, 0, and "^

in the two regions z>2:' and z<2' are the same functions but with opposite signs.

We need therefore only write down the forms for 2>2'.

11. Permanent term,s for unit element 0/ surface traction, m'^1. z^z'

.

D,„ = 4m2(m-l)/3'"'+7(2™nm)3.* . . . ' . . . (1)

'A,,,„- -2m2(TO-l)/i='", A,,,„= -2?n2(TO-l)y3-"', A3, „, = 2m(w - l)/3-™+^ \
^^]i^

Bi, ,„ = - 2hi2(to _ 1 )(,tt + v)/i-'«, B.,, ,„ = - 2m2(m - 1 )(v//+ v)/3'-"', B,,, ,„
= 1m{m - 1 ){m - 2 + v}P^'"+\ l(2"'nm)2.

IC,,,„ = 2m2(«i-l)(m + v)/32"', C,.,„ = 2?tt2(TO - l)(m + v)/?-'", 0^,,,,^ -2m{m-l){m-2 + v)fr''"+''j (2)

Normal traction, 6 (H).

1 / ,^ „, cos , ,.f\,m + v\ ,„,

"A / 47r//.ffl'"+''"
'"' Sin '^ ' ''\-m-v_

Transverse traction, 7 (3).

\^ ) 47r/x«'"+^^
'^ COS ^ \-m-v) ^^'

Longitudinal traction, 8 (3).

f4>,0,\ 1 ,„ cos , ,,/l, m- 2 + 7'A ,^.

\ ^ J iTTfima'"' sin ^ \-m + 2-vJ ^^

If these values be substituted in the formulae 2 (7), it will be seen at once that they

give no displacement.

* In this and next Article, (1) and (2) state the terms required in the expansions of the various functions in

ascending powers of 0.
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12. Permanent terms for unit element of surface traction. 'm,— l. z^z'

.

±=_6i_l(8-,.);3^« + 5i:iIl/3-Tl, . . .

A,.,4/3-„l/3«. ^'• = -4'*'-> ^"--|^' + 6l''>

B,..-'^^'-'^V. B,,-L^>+!:^V,
''..-V'**^ m''''-'8 19:

COS (o) - 0)

8 ^ 192 '^
'

8 ^ 192 '^ ' '' 8 192
'^

Normal traction. G (11),

- ^ T^^ v^ { (^ - ")(^" - 64) - (11. + 5)(8 - .) I (z - z-)p sin (co - ,o).
\

The first lines in these values of </>, 0, and \/a lead to

^ =
{ y (^ - ^T +^> - '')p'

\
*^o-^ (<- - ''0,

M^ =
I

-{Z- Z'fp +^r>'^\ COS (o) - O)').

The second lines have the forms

I 2

a^ Trjx{8 - v)

which give

ch, 0,\ , ,, COS , ,Jk, B,\

j/p = (B + C)(2 - z) cos (o> - oj'), \

u^ = - (B + C)(3 - z) sin ((.) - 0)'), >

Uz={ - (v+ 1)A4-B}p cos((o - o>'), '

that is to say,

Mz = { - (v + 1 )A + 2B + C}p cos (o) - (./),

along with the rigid body rotation

?/,p = {z- z) cos (w - (I)'), \

M„ = - (z -- z) sin (<i> - 0)'), \- . (B + C)

Wz= - P C0S(<D- O)'). '

Here

B + C =
1 1

_(v2 + 4v - 88)

= ii iz." ^ v2- 20^ + 92

a2 I 4

a2 67r/x(8 - 1/)2'

V 2

and

)v + 92 )

S-v)2 j'i7r/u.(8 - v) 37r/x(8 — v)

-(.+i)A + 2B+c=-i J-^|_r

(1)

(2)

(3)

(4)

(5)

(6)

(7)

(8)

(9)

(10)
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1

a-* 7r/x(8 - v)

2__ V2-20./+92

a-' \ ^ 7r//(8 - v) 37r/^(8 - v)2

Thus the permanent terras of the solution are

"P ={l('- 'f + ^'(« - ^'y
I
cos (a, - <o'),

«. =
{

- -3(^ - 2')3 +^{z - .')p2
}
sin (o> - a,'),

with the rigid body rotation

Up = {z- Z) COS (to - O)'), \

/ '\ / /\ 1(4-" '^

Mo, = - (Z - 2 ) sin (o) - OJ ), I . ^,
-I

-

Uz= - p cos (w - (1)'),

Transverse traction. 7 (3).

-
i^^ 12.^8 -V)'- i

^'^ ~ ''^ - '^' - ^^ ^^ - '^^ ^'' ^"^ - "''^

'J

^ = a^~r8^){-6(^-^')^^-^<^-^V}(-)cos(.-.')

In terms of displacements,

"p =
I
3(2 - 2? + ^"(2 - 2>-

}
sin (o, - 0)'),

-.=
{ -^(-^? +^>-^V }(-)cos(.-co'),

I

.
i
^^^^

Mz=
"j

- (2 - z')V + ^pH "^^ «V
I

sin(aj-oj'),

with the rigid body rotation

Up= -{z- z') sin ((o - oV),

v2 - 20./ + 92-92)

Longitudinal traction. 8 (3).

^43|(^){^^^-^')^^-8-^1^«^('^--')

^=i-:^^tU(-^T.-Jp^} sin (.-.')
a^ 7r/x(8-v) (

2'

- ^ 12.^8 -v^) {
^' - '')^''' - ''^ + (7 - 5.)(8 - V) I p sin (. - .').

TRANS. ROY. SOC. EDIN., VOL. XLIX. PART IV. (NO. 17).

(11)

(12)

(13)

(14)

(15)

(16)

125
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In terms of displacements

Mp =
{
(z- y')"- + ~^r \

cos (oj - 0)'),

1 2

?<j = - 2(z - z')p cos (o) — o)'),

with the rigid body translation

Mp = COS (o) - oj'), )

Wu, = - Sill (oJ - 0) ), ^ -I 1 I

„^^0
'1 «l27r;. 3,rM8-v)2 |

(17)

;i8)

13. Permanent termfi for unit element of surface traction. 1)1 = 0* ?S^z',

Normal traction. 9(1).

'^-~«2";rM8^)^'"^-^' ^="r7 4^;M8^.)^'~'^'
•

•

or

1 v-4
a 47r/A(8 - v)

'

Transverse traction. 9 (iZ).

or

11, ,,

rt** TTfJ.

Longitudinal traction. 9(3).

, 1 1

^42.;(^-^{^(^-^')^-vl-^=o

where Ao and Bq are constants which need not be calculated ; or

u^ = z~z'.

1\ 1
^- -iV-,,-aV 'i-/a(8 - v)

(1)

(2)

(3)

(4)

(5)

(6)

14. Resolution of the displacement in an infinite solid due to a single force into

its 4>, ^, ^ components.

As a preliminary to the investigation of a solution for a single force acting at a

given internal point with the cylindrical surface free, it is convenient to express

the fundamental solutions corresponding to a single force in an infinite solid in

the form 2 (7).

* Tiie expansion of D^ begins witli tlie term ^(v - 8)^\
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Zforce of iTTfiv units at {x', y', z').

For this Z force the displacements are *

(x - x')(z - z\ , ,sj)r~^

^z

r'' cz

{z-z'fv-l ,\ dr'
- + ~:— == (•*' ~ ^')

g^- + (y - .'/

where
9y

+ vr'

r''^ = (:x-j;f + {y-y'f+{z-zf.

Comparing 2 (7) with (l), we recognise that the latter is compounded of

(i) a strain of the (^ type in which -X = - ?'"\

(n) .M^ = u:— , u^^O, u,= -x~,

(ill) 2<., = 0, u =ij u,= -2/-—.
3z 9// ;

Let DjV"^ stand for a harmonic function whose z-derivative is r"\

We may put (2) (ii) in the form

// = X —- D, V <£-$p^-'-

Kdxdy dxdi/J

in which we see

oxoz

3x
I = - x'r^J)7h'-\ ^= - jc'^D; V-i.'A

3y'

Similarly, we see that 2 (iii) is equivalent to

,3.l=--,-^Dr.-, ,.,'^D;

4-4)"^'-^' ^K4-4)^^^^-^-
•

(1)

(2)

(3)

(4)

(5)

(6)

Thus altogether (I) is equivalent to

As definition we take here

DrV-i =— / sin k(z - 2')Goi/cE -lcZ,c, (7)

where E^ = (x - x')^ + (2/ - /f ; this is allowable, for the 2-derivative of the harmonic

function on the right of (7) is

2
/'"

- cos k{z - z')QJ.KRdK, ....-. (8)

a well-known expression for r"\

We shall require also a z-integral of the function of (7), for which we take the

harmonic function defined by

DrV-^= -~f {cos/c(z-3')G„z/<E-log2 + y + logKll}i-tZ'c. . . . (9)

Love, Elasticity, Art. 130.
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It is easy to show that, with the definition of (7) and (9),

2 "r-(2-2')'

Tv-o _i ] / /M r + (z-z')
D3 -r 1 = (2 - 2 ) log

)
^ - r,

L r - \z-z)

(10)

and there would be no difficulty about extending this method of representing a

Zonal Spherical Harmonic of the second kind to the general case ; but all we need to

note here is that (7) and (9) are first and second z-integrals of r"\ that they are

harmonic functions without singularity in the region E,> 0, and that they are functions

of a; — a?', y — y', z— 2'.

The last property allows a convenient modification of (6), so that we may write

finally for a Z force of A-kixv units at {x,' y' , z')

X or Yforce of ^tthv units at {x'
,
y', z').

For such an Xforce

(11)

u,=^ - {x - x)^^ ^ {v - \)r \ u,= ~{y-y)^^ , ^^^=-{z-z)~
dx '

^
' ' "

""' " ' 3a;

These displacements may be exhibited in the forms

(12)

u^= — X
,

32

'^dxi ^3x-2 ^^ ^dx ^3x3//)^' 3^1 "dxdy

\ 3a;3z di^dz dz/dx " oz ( ex- dx oxdy )
^

I

dy

d:v->

(13)

which are obviously equivalent to

3

dx
\rh-\

'=i-"3.2-^''-l)3-.-^9-^P^^^ '

, f ,32 , ,,3 ,32 ) ., ,

(14)

that is, to

ex ^

^=fe-3-:^'-^7r^"'''"'

_3_ ^>)d:V-.

(15)
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For a Yforce the corresponding expressions can be written down at once. They are

\mj dy '^ dp/ '

, ( 9 9 3\ _o ,

(16)

J9x' 'by 9(u',

We shall work chiefly with component forces in the directions in which /o, w, and z

increase, say with P, ^, and Z forces. From (15), (16), (11) we write down :

—

for a P force of \tt\).v units at (p', w', z')
\

3 9 / 9 \ 9 1

op

for an 12 force of 47r/xv units at (/>', w', z

'v 9 92

^^p' 9co dp'doi

for a Z force of 47r/xi/ units at (p', to', 2')

I
1 9 „_, _,

p 0(1)

,):..-.-,

*=a7D.-''--
1

'93 r.--' -1

^ Vp' 9(0 9p' 9(o7^ )

, / 9 1 92 \ _, _i

^ 9(o' 9z'^^ )

(17)

15. Auxiliary sources of strain of the types {(p, 0, -v/^) — D'^r'^.

The results (15), (16), and (17) of the preceding article show that the solutions for

a single force subject to given surface conditions may be deduced by diff'erentiation as

to the coordinates of the point of application of the force from solutions from sources of

strain of the types {(p, 0, \|/) = D^'V'^

According to the definition of 14 (9),

D7V-1 = [ ( - -Vcos k{z - z')GJKn - log 2 + y + log KR}-dK.
Jo \ nj K^

(I)

Also we have the expansions

GoiVcR = JfiZxp'OgiKp + 2JjZ/cp'Gji/cp cos (oj — 0/) + .... + 2J„,tKp'G„,2'Kp cos vi{(i> — to') + . . . >

logKR = logKp - .Zj — ( — ) cos m(to - to'), j ^
'

m=\in\p / )

where p>p'.

When these are substituted in the integrand of (1), it is easily proved that the

integrations can be performed term by term. Hence

J)-h' ^ =
I (

- -]{cos k{z - z')Z^iKp'G!^iKp - log 2 + y + log Kp}—(h

-) { cos k{z ~ z')J^iKp'G„^iKp -„-(—) \ -7,dii • cos mUa - to'),
|

TT/ (

" 2m\p J ) K^ J

(3)

where p>p'.*

The corresponding representation of D^^V"^ in the region p<ip' is of course obtained

by interchanging p and p' on the right of (3),

* The definition of the function G is

G,ftO= —-. (J _ „iO - e - i»»TJma).
2 sm mw
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The sources {(p. 6, \|/) = Df-7'"^ give certain stresses at p = c(. To get solutions for

these sources we add to the sources solutions free from singularity within the cylinder

and giving at the surface tliese stresses reversed, or, as we may say, we balance the

sources at p = a. And the method of solution will be to balapce separately the

components into which the sources are analysed by the expansion (3).

16. Solution for the auxiliary sources

{ct>, e, ^) =
4\ ( , ,., . ,,, . 1

^
cos k(2 - Z )'),jKp (T,„tKp - --

) t
—'Ik . COS m((D - w),

m\p/ ) K-
(1)

'>p ;

that is to say, the "^n-components, (m>0), of the sources {(p, 0, \|/)--=D/V \

The source

^ = G,„iKp cos k{z - z) cos m(oD - o)') . . . . . . (2)

can be balanced by

(Y')=-(-'*c;,!r">>'>«»'(-^')
.">("-"') p)

In the notation explained in Arts. 3 and 5 the equations for the coefficients in (3) are

and their solution is

or, say,

A^, TO = (ajAj + a2A2 + a3A3)/D„i ,'

B^, m = (ttil!] + ttgBg + ajlSg)/!)™
,

It follows that the strain defined, for p^p , by

4>= - ~\ {Gmixp - A,|,_ m-^miKp)-Jm'iKp' COS /((s - 2')— COS ?h((u - w') L

(4)

(5)

(6)

4f
^1

P',/,, wUn^Kp'^miKp COS k(2 - z')— COS ??^(oJ - o)') >

l/^ = - - i - C^, m-TmiKp-'iwiKp' COS k(2 - z') — sill ?H.(a) - (//) I
,

TT { K- J

(7)

gives null traction at jO = a.

The functions of (7) are uniform, even functions of «:.

The function Gc.Jxp contains a non-uniform term — log kJ^^Vjo, but it can be seen in

a moment that A^^ ,„ has the non-uniform term — log k, so that

GmiKp - A^,, m^mixp (and similarly B,(,, m and C^, ,„)

are uniform.

The functions (7), when expanded in ascending powers of «-, contain terms of

negative degree, say

TT I 2VI\ p J ) K-

_Aj e„|i^cosm(o,-co'), y (8)
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As in Art. 5, we subtract these from (7) and then integrate as to k from to co

We thus obtain, say,

^"' = - —
I { {Gmixp - A^ m-JmiKpyTmiKp COS k{z - z) - -— ( i- - <^„ > -^^^K COS m{lo - co'), ^

''
TT Jo ( Am\p/ ) K^

"'2= - —
I 1

- B^, „iJ„i'iKpJ,„2.'/<p' COS k(2 — a') - ^„ > —^/k cos ?;t(a) - (!>'), I.

l/',^''
= - — I ]

- C,(,, m-^miKp-l iniKp' COS k:(z - z') - i/',, V —(7k siu ??l(a) - w'),

p>p.

The strain defined by (9) and the slightly altered form for p<ip' has the singularity

(1), but is otherwise regular within p^a, and it yields null stress at jo = a.

By the transformation 6 (7), (9) becomes

,m a {[^ Bp A^ mj /3p\. Bp -«^i:£lU ,„ / '\\ ^

in

Hence, as at 6 (9),

,m

^ "J„,'^)J,„^^e a —//^ COS TO(a) - <o'),

Dm a I a p-

% '"J„;-^)j-^e-'-^^lrZ^ sin m{^ - <.'),

Dm a J a p^

third

and

fourth

paths.

"f l3HD,nld(i\ C^,

1 2ft
+ coefficient of „ in

a a sm

- p ^p A^ „i j Pp y>,i,,i,tT I3p

a Dot 'I I*

C,(,, m T ^P
-:;- tljn

/8 /^

m a

In (11) p'>p' and £>/ ; for p<ip' or 2 <2' interchange p, p or z, 2'

In the same way we find a solution for the source

9=1 (
- -

)
< cos k(2 - z'),i„{iKp'GcjKp - ^— ( -

) \ -'Ik cos m{<x) - w')

jo V TT/ ( 2m\p/ J K-

in the form

cos

sin

, Hi /jW

-A

V ^^^ J^«' "^' ^«. ™ 'V,„^J„,^'e"^^ ""' m(co - 0.')

'jihin,nld[i\ Ce, a a

+ coefficient of -- in ^
/Ae,OTT /3p ^ f3p ho. Ill T /^p N

^ ;„ ^'*/ D,,, a a D,,. ft

Ce,TOT pp
^pr

—

Om—
D,„, ft

a sin ^
^'

and a solution for the source

in the form

m /im mz-2').

/ jLjB'hiDm(l^\ C-A/'" J a a cos

\ a Dm a, '

(10)

(11)

(12)

(13)

(14)

(15)
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In these, as in (11), p>p' and z>z' ; for p<p' or z<.z, interchange p, p or z, z'.

The definitions of the coefiicients which occur in (11), (13), (15) are, in the notation

of Art. 3,

B<(,, VI= «!, mBi, „, + ttj, ^^2, ,n + 0-3, m^.\. m

Ag,™ = /?!, „.Ai, „. + ^o, ,„A2, ,„ + ySg, ,„A3, „.

Be,™ = ^i,», Bi_ ,„ + /Jj, ,„B2, ,„ + ^3, ,„B3, ,„

Ce.Dl = ^1. „,Ci, ,„ + ^5, ,„C2, m + A. »i*-'3, ni
.

A^,m = yi.mAi,,,, + y2,,»A2,„ + y3,,„A3,,„"

B^,i)i = yi, ,„Bi,m + y-i, mBj, ,„ + y3, ,„B3,,

C^,,,i = yi, „iCi, ,„ + y2, ,„C2, m + y-i, ,„C3^ ,„

(16)

For the case m=0, the form of the source functions is slightly modified, 15 (3),

but the method remains the same. The form of the results can be simplified as in

Art. 9. It will be sufiicient, however, to state concisely that balanced solutions for

the sources

(<^,^,,/.)=DrV-i

are obtained by taking 2' of (11), (13), and (15).
m

17. The loermanent terms in the solutionsfor auxiliary sources

The permanent terms in (11), (13), and (15) of the preceding article can be

determined by straightforward algebraical expansion. The work is easy, if somewhat

tedious, and only the results will be given here.

Solution for source <p = D~^r~^. Permanent terms. p'>p', z^z'.

. 2v(v - 2) _., j 1 . ,^3 1. ,, , I lv2-2v+16, 'X ,
1 '2 -iKi'-S)/ n0= ^ 'a - < ^(z -zY - -u- z)p- > (z- z) + -p^a ^^-— '{z -z),

with

(1)

cf)
= p\z - z')p 1 COS (o) - w'

+ a"V

1

"^Z {
|(^ - '^yp -

i(^
- ^>' } + <v^ - ^)p^ cos (a> - w')

8

a-^p

a-ip'iAf^(z - z')p cos (o) - w').

^?i
I
y(^ - ^')V - |(^ - ^>^

}
+ B^;_\(. - z)pa'\ cos (a, - o,')

-la-VXV^-2>cos(co-co'),

^= «"V[CJ',\{^(^-^?P-|(^-2V} +Cj'_\(.-.>a^]sm(cu-(o')

-la-V^C^>-^')psin(a>-o>'),

(2)

'
I

and

z
t^ = '-p'"'{z - Z )p~"' cos ??z(a) - oj') + «"-'>""A^"^„^(2 - ^')p"' COS m(to - co'),

>(0)a-'-y^^qr' ^J^z
- z')p"' cos ?n(w - w')

«-V"Cj;\,(^ - 2')p"' sin m(a; - a,') ; j

(3)
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where
. (0) _ 3v-20 1_ (v-2)(7v-64)
•t"^~ 8-v ^3 (8-v)2

,(2) _ 8(2-r)
"^^-i- 8-v '

^(2) _ 8(2-v)(v-l) p^(o) _ 2 2v^- - 5v - 46 J_ (v - l)(v - 2)(7v- 64)
Vi- 8-v ' *'i~3 8-v ^3 (8-v)2

(2) 8(2-v)(3-v) p(0) 2 -V--2 + 7V+14 1 (3 - v)(v- 2)(7v- 64)

8-v
C + ^ (8-v)2

and, for 7n>l,

A<r^ =
v-2m-l j^(o) _ v2 -(?);. + 2)v -2??i2 ^(o) v^ - (m + 2)v - 2?»^

Solution for souo'ce 9 = T)zS' ^. Permanent terms, p^-p'. z>z'.

2p'2a-2_^(z-.'),
O — V

with

(l}
= a-^p' Al:\

{
4(2 - ^'fp - \(^ - ^y )

+ Al°\(^ - 2>a2] cos (co - 0,'

a~'ip'^A^g^\(z - z')p cos (o) - to'),

= p'{z - 2')p ^ cos (oj - «)')

+ a V Kf1
{
|(^ - ^Tp - \{^ - ^')P' ]

+ B?\(^ - ^')pa2 cos (o) - O)')

- —a-V^Bf\(z - z')p cos ((o - o)'),

(// = rt
-ip' C?\

I
|(2 - ^')V - 1(2 - ^')P' }

+ C?\(^ - z}pa^ sin (o. - CO')

and

1

- g-" ^p'^Cf\{z - z')p sin (w - 0)'),

t(7H + l)

a~-'"-~-p "'+-Ag (2 - z )p cos m{iM - o)
_

cos?re(a) — w')

4(m+l)

= —p'"\z — z)p~""' COS m(a) - w')
ni

+ a~''"'~-p'"'

1

b:;,.
{
|(^-^')V"-47^/2-^v'^^} +B:;'„,(.-.vv]cosm(co-co')

4(m + l)

4(m + l)

-2«-2p'm+2g(2 /^ - Z')/0'"C0S ?«(u) - O)'),

1

c".
{
i<- ^')V" - jhVt/^ - ^'v } +o -

^y-r
sin »i((o — 0)')

4(m+ 1)
'

Where

a(2) _ 32
A?\ =

16 1 4 7v-64
.-. "! 3 8-V 3 (8-v)2-

-P,(2) _ 8(3v + 4) ^(0) _ 1 7v + 64 1_ (3v + 4)(7v - 64)
^«,i- "8"^-^' ''^-"3 8-v 3 (8-v)2

(-(0)

(8-v)2

(2) 16(v + 2) p(o) 4 v + 4
,

2 (v + 2)(7v-64)
^6,1 = + -7r

-V - 3 8-v 3 (8-v)

TRANS. ROY. SOC. EDIN., VOL. XLIX PART IV. (NO. 17). 126

(4)

(5)

(6)

(7)

(«)

(9)
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and, for ^n>l,

A?>, 2(7/1+1),
^^^u; ^ m-1

^

2l(0)
e.m m m[m + 2)

'

B«. -icn^m,,*,), if,=
"""'""''^

-^-il^).7)1

C» = -2(„..1X,„..), e= -=!±>_(™zl)(51zi.+'),_|z^.
^?« m

(10)

Solution for sowce ^ = D/^r \ Permanent terms. p'^p',z^z.

,= -(.-.)IogA_iC.-.{(i^-(^-f)^^.(.-.)^[-^„-.{j^^

(11)

ivith

4> = a""V ^. {
|(^ - ^')V - |(^ - Op^ } + A^\(. - .')P«^"

-1«-V='A^^\(. -.>(-) sin (o

a ^p )f 1 1
|(^ - ^'fP -

i(^
- ^^)P' } + C('^ - ^>«'

(
- )sin (to - oj')

(
—

) sin (co — oj')

- 1«-VX\(2 -.>(-) sin (<o - o,'),

i// = p'(z - //)p~^ cos (o) - Hi)

+ a"V C.(2) j 1

i|4(^-^?p-|(^-^v}+cJ>-.> cos (w - oj')

- -o-« V'^^Ji(?-
- Z')P COS ((O - (o'),

(12)

anc^

/
<f)
= a -'" 7/'"

1

2

A^!m
{

-g-(^ - ^')'>"' -
^^J^ ^^

(g - 2')p'"^^

I
+ A|;|,„/;j - r/)p"'a^ ( - ) sin m{^ - «')

"

e = a-'"- V"{l>;^|„
{
\{z - .')V" - ^J-^^jz - z)p- -^

\ + B';^Jz - ;')p'"«-']( -
) sn. m{o. - o/)

if/
= —p'"'(z - z')p~™ COS ?rt((/J — w')

(13)

c'f'
i A(z - ?/)>'" -

-^
, J- -- (3 - /)p"'+^ I + c7 (z - /)p"tf cos ^y^(oJ - o)')

\

where

4(,^4.
1)"~"""V""''G^_„(2 - ?/)p'" cos »<co - 0,'),

Km+1)

^^(0) ^£ J_ 2 7v-64
"^.i 3 8-v ^ 3 (8-v)2'

,,(2) _ _ 8(tH- 6) pj(.i) ^ 2^ vjMO \ (v + 6)(7v-64)
*•! 8-F '

"^'i ^3 8-v ^
3 (8-.')''^

80(,(2) _
^.i~ 8-v'

v-\1 10 7./ -64
V
~ 3 (8 - v)2

(14)
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and, for m>l,

Af, =-2(m+l), A^^ =-1- ^-"
,

E^)„^ ^ - 2(.. + !)(« + .), B^;;„^ ^ - (,« - 1 + .) + ^|zz)L

,

C= 2(^+l)(- + v), Cj^,^= ^^^ + ('-l+v)-i|fli

(15)

All through this article, the forms given belong to the region p>p\ z>z'.

For p<p', interchange p and p ; this changes one terra only in each of the nine

groups, that term, namely, which becomes infinite for p = 0, the rest of the terms being

symmetrical in p and p.*

For z<z', interchange z and z ; this changes the signs of the whole of the terms, as

they all contain odd powers only of 2 — z'. In every case, therefore, (p, 6, and ^ are

even functions of z — z', as we may see that they must be from the definite integral

forms similar to 16 (9).

It may be noticed, as a simple verification of the results of this Article, that in

each of the nine groups the source terms are balanced (Art. 15) by the others, that is

to say, each group of terms gives null traction at /) = a. But it must be observed that

this verification is not a complete one, owing to the existence of rational integral

values of (p, 6, \|^, giving no stress at the surface. None of the latter, however, involve

a higher power of 2 than z^, so that, for a given source, —^(<^, 6, ^) are determinate.

If then we take, for example, the second part of 16 (11) and consider, in the source

term, the coefticient not of -^ but of /3^, we can find particular values of (/>, 6, and -v/a

to balance this and take a^^ of these particular values ; these will give the coefficients

1 z-z'

of—, seeing that any function/ involving z only through the factor e~^~^ possesses the

property ^, = -,f-

For 7v'>[, it would be sufficient to consider in the source terms the coefficients not

of /8^ but of /3, for the only values of
(f),

9, and ^^ which give no surface traction at jO = a

in this case are those which give no displacement at all (Art. 11).

18. Solutions for a force at an internal point. P7'eliminary remarks.

We have seen in Art. 14 how the <p, 0, and \|/ of the deformation due to a single

force in an infinite solid can be expressed by means of derivatives of {<p, 6, ^) =^T)^'^r~'^

with respect to the coordinates of the point of application of the force. When the

balanced solutions which we have now investigated for the sources {(p, 0, \|/) = D7V"^

(end of Art. 16) are subjected to the same differentiations, we get of course the same

* When we come to calculate displacements due to a given force, the terms which vary according as p-> or < p'

disappear.
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singularity as before, but now no traction at the cylindrical surface ; that is to say, we

get a solution for the internal force subject to no surface traction.

Denote the values of (p, 6, \|/ in the balanced solutions by

for the sources ^--DrV-i, (9 = I)^-V"^ «// = Dr^'-i , j
^'

respectively, so that in the notation of (11), (13), (15) of Art. 16

</'*=?>r' •

'•
(2)

and so on.

Take now, for example, a Z force of iTrfxv units at (p', w', z').

By 14 (17) the balanced solution for this is compounded of

{cl,,e,xl.)=-p^-,^-,{i^e,e%xj.e),). (3)

Pi 7\

I d . ,39, 98,
cz dp oz dm oz

,9 ,9 9, 9 9,
'^ = 9/'^-^97 9?^^"9-^'9^''^^'

We may compactly represent the three balanced solutions of (l) by the symbols

S^, Sy, S,^ and the three balanced solutions for a U7iit P, ii, Z force by Sp, S^, Sz

respectively. We may then write, by 14 (17),

i.e. it is defined by

Sp = J_ i „-^S. + fvl - l,'lMe U'-.- IM.S
Att/xv \ dp \ dp dp' dp'

J

\p' dp'Jdu)

iTT/JLV ( p OCO \p op/ 0(1) \ Op p 0(1)-/
)

a _ 1 j3c;_'3 3c;_3 ^sl
iirixv \ dz dp dz' 9a)' dz )

'

(5)

the meaning being that in any one of (5) we may replace S throughout by *p or by 6

or by "^ ; so that the last equation of (5), for instance, is equivalent to the three

results of (4).

Each of the solutions S^, S^, and S^ consists of a permanent and a transitory part.

These may be denoted by S^\ SJ^ ; 8(">, ^'^
; Sf, ^f ; and a similar notation may be

used with respect to Sp, S^, and Sj,,.

The permanent parts of S^, S,,, and S^ are given in Art. 1 7 ; their transitory parts

are 2' of the first lines of (11), (13), (15) of Art. 16.

The calculation of the permanent parts of the displacements in the solutions for a

single force by the method just indicated involves no difficulty, but it is somewhat

lengthy, and in the next article the final results only are given. The transitory terms

are left meanwhile in the forms (5).
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19. Solutions for a unit force at any internal point (/, w' , z').

V force. Sp = S(p^) + SJ>.

S^p^^ consists of, for z>z',

/-, _ 1^-4 j/ \
^^' '''"4^/x{8-.)^^'

(ii) U, =
{ y (^ - ^'f +~{^ - ^')P' }

COS (co - <.'),

Wa> =
I

- y (2 - zy + -^{^ - z')p'^

I
sin (w - w'),

1

ir/x(8-v) a*

(iii) 2/.p = (2 - 2') cos (o) - o)'),

M„ = - (2 - 2') sin (o) - oj'),

Mj= — pCOs(a)— <!)'),

I

4-v p'2 v2-20v + 92 1

27r/,t(8 - v) a* 37r/^(8 - vf (i^

SCO = J_ I ls<') + r.A - ^P ^V^') + f- - A)-,S(f) i .

Itt/xv \ dp "^ \ dp dp dp,

Q force. s„ = s;^'>+s;;^

S^^ consists of (for z';>z')

(i) 21^ = -p'(2-2>,
TTfx a*

(ii) Up =
I
_(z - z'f + -^{z - 2>2

I
sin (oj - o)'),

M„ =
I

- 1(2 - 2')3 + 1^(2 - 2'y
I

( - ) COS (a. - 0,'),

M, = i - (2 - z'y-p +—p3 + M^p i sin ((o - co'),

(2-2')sin(o)-o;),^
^_

(2 -2') cos (a, -.'),[ {2;^^^^ +

7r|ot(8 - v) a*

'

2 a2 J

(iii) Ma = - (2 - 2') sin (to - o/),
"1

'
' ' ( 4-v p'2 V2-20.. + 92 1

Mm = - (Z - 2 ) cos (O) - O) ), W i—r
-I- i-r r

: , ,
^ ' I) 27r/x(8 - v) a-4 37r/x(8 - v)

u, = p sin (o) — (o
),

I

^(0 1/13 „(«) / V 3 \ 3 c;(0 / 9 1 9^ \q(«> I

Z/orce?. Sz = Sf + 8^^'^

S^^ consists of (for z'>z').

... 4-v
(1) "P= 4 P>

•( ) ^ ^
^^. = 0,

^ V(8-v)a2
M, = 2 - 2',

J

in) lu = < (z - 2")"
4-v , 1 ,

A 0'' > COSlcu

,

=
I
- (2 - 2')2 + ^p2

j
sin ((o - w') .

It^ = - 2(2 - 2')p cos (to - O)'),

(iii) Up = cos (w - w'),

M„ = - sin (co — o)'),

u, =0,

,r/x(8 - v) a*

/
2 1/1 ,3 v-10 o A v^-20v + 92 p'

(

i ~7rM8-v)^VT^ "^ 4 "^^y 3,rM« - v)2 a^i

q(0 1 / 3q(0 ,3 d^(t) 3 3^(f))

^2=4^^1 37'
* ~^V3^ '

~9i;^'9^^^ ^

(0

(2)

(3)

(4)

(5)

(6)
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The permanent terms, for z<z', are the above with signs all changed.

To deduce the transitory modes for 2;<z' from those for z>z\ note that S^'\ Sl'\ and

S^ for 2<z' are got from their values for z<z' simply by changing e~~~^ into e~^ !

the same therefore holds for Si? and S^^ but in S^^^'^ we require in addition to change the

signs of ^, 0, and •^.

Thus, for P and force, ii^ and u^ are even functions of z-z\ but u^ is an odd

function oi z — z! \ for Z force u^ and u^ are odd, but u^ even in z — 2'.

As for the stresses, it follows from their expressions in terms of the displacements

as given in Art. 1 (4) that, for P or ^ force, jop, pw, ww, and zz are even functions of

z — z', but pi and ooz odd ; for Z force fp, /ow, cow, and 22 are odd, but fz and oJi even

in 2 — 2'.

If we compare the permanent terms here with those already found for a unit

element of traction (Arts. 12 and 13), we see at a glance that the latter are just those

here with p' put equal to a.

The same is true, though by no means obvious on a simple inspection of the

analytical formulge, for the transitory terms also. The result is only what might be

expected from physical considerations, and will be demonstrated independently in next

Article with the help of a fundamental theorem.

20. Betti's Theorem. The solutions for a unit element of surface traction special

cases of those for a unit intei'nal force.

We shall in the succeeding pages make considerable use of the fundamental

reciprocal theorem due to Betti.* According to this theorem, if two deformations of

a body he taken, with the coi'respondiiig body and surface forces, then the ivhole ivork

done by the forces of the first acting over the displacements of the second is equal

to the ivhole work done by the forces of the second acting over the displacements

of the first.

It is known that the solutions of Art. 14 (divided by ^-wiJiv), or any solutions having

the same singularities as those at {x'
,
y' , z'), can be used in applications of the theorem

on the understanding that a unit X, Y, or Z force is included among the forces belonging

to the three solutions respectively.

The same holds good of the solutions for a unit element of surface traction (Art. 5

at (8), (9)), as we see by applying the theorem first to the case of traction over a finite

area, and proceeding to the limit as in Art. 5.

We can easily deduce that the solutions given above for unit elements of traction

at («, «', z') are the limits for p' = a of the solutions given for unit forces at (/>', w', 2').

To prove this, make two applications of Betti's Theorem, the first deformation in

each being the solution given for a force (P, ii, Z) at {p" , «", z"), and the second

deformation being in the first case the solution given for a force (Pq, ^\^, Zu) at

* LovK, ElusHcily, Arts. 121, 1G9.
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(p', w\ z'), and in the second case the solution given for an element (Pq, ^o) ^o) t)f

traction at {a, w\ z').

Denote the displacements of the three systems, in the order in which they are

mentioned, by u^, u^, ii,
; itj, uj, uj ; t?/', u^' , u"

.

Let the part of the solid to which Betti's Theorem is applied be bounded by the

two planes 2 = z^ and z = 2.2, where Zi<z' or 2" and Z:^z' or z".

From the facts that only transitory modes vanishing at infinity, and permanent

terms which are the same except for sign on the two sides of the source, occur in our

solutions, it follows that the contributions to the work expressions from the two end-

planes neutralise each other, as may easily be seen by supposing them to be taken at

a very great distance.

Thus we get simply

Pw/(p", w", 2") + n?/„'(p", w", 2") + 7,U,'{P'> <"'\ Z") = PoWp(p'. '^'. 2') + ^o'«a,(p'. w', Z) + Z,M,(P', w', Z'), (1)

and

PUp"{p", oj", z") +UuJ'(p", (1)', z") + Zu"{p", 0)", z") = FgUp{a, <»', z) +U„u^{a, 0/, z') + Z^)U^{a, co', z'). (2)

It is obvious that the right-hand member of (1) passes continuously into the right-

hand member of (2) as
f)'

approaches a ; hence the same must be true of the left-hand

members. Thus, since P, O, Z are arbitrary, the values of uJ, uJ, ul at any point

pass continuously into the values of u^', uJ', ul' there as p approaches a ; which is

the theorem.

It is easy to see that the limits for p' = a of the solutions given above for a force at

{p, u)', z') are found by simply putting p' = a in every term. Hence we need no longer

distinguish between a unit force and a unit element of surface traction, but may refer

to the latter simply as a unit force at (a, w', z').

21. The six permanent straining modes, or St-Venaiit's solutions.

We give here a table of the displacements and the most important stresses in

rectangular and cylindrical coordinates for the six permanent straining modes {cf.

Art. 3).

It is convenient from this point to introduce, instead of the symbol f = _^j

^

X + ^i

the symbols in common use :

o- = Poisson's ratio =
2(A + /x)'

and E = Young's modulus =^ — = 2/a(cr + 1 ).

(1)

The following relations may be useful for reference :

—

, = 4-4<r,, i-p' = (r, ':^=-(c. + |-), /x(8-v) = 2K ... (2)

We shall also use a symbol r defined by the equations

E v^-20v + 92 1/E /.\
"~^-

3(8-vy^ =yl7. + ^~E> •
•

• (3)
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111 I. and II. below the rigid body rotations with coefficient t are inserted for a

purpose explained later (Art. 22, after (5)).

What we call the integral stress across a section is defined by the three forces

along the axes

jj(2a;, zy, zz)d^,

and the three couples in the coordinate planes

I I (?/z2 - zzy, zzx — xSc, xzy - i/zx)dS.

For a free solution the integral stress is independent of the section taken.

Ux = 5^^ + z{a{x^ - if) -TO^],
o

u„ = •2(TZxy,

Mj = - z'^x + -x{x^ + 2/^)^(o" + ^~''' j'^^'*'-

zy = fjL(2a- + l)xy,

£ = - 2Ezx.

Ua =
( 1

Uz

= > -Z^ + z{(Tp^ - TOp') > COS (.),

= < - -s !2^ + '-{'^P^ + '"«^)
[
sin OJ,

=
"1
- z'^p -It

-^ p^ - { a + - - T ]a^p \p > COS OJ.

pp = 0, /3aJ = 0, p.' = /x( 0- + - j(p'^ - a'^) COS 0)

zS = /*

I (^
cr - -jpH (o- + -

j rt2

J

sill ^_

J

The integral stress is an ic-force through the origin of amount

j
jzxdS= - ^-n-Ea^

The deformation obtained by multiplying all the displacements here by l/7rEa* we

shall denote by Si; or, briefly.

11.

Si=(this solution) ^r^,

u^=2azxy,

U, = lz^ + z{a(f^-x^)-ra^^},

' 2^y + 2
y(^^

+

y'^) - ( ^ + 9
- "^Wu-
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zx = fj(2a+ \)xy,

zz= - 2E«?/.

Mp = < -^ + z{a-p^ - Ta^) > sin o),

Mo. = ]
- o^^ + ^(o-p^ + Ta^) /> (

- cos oj),

% = Z^p -I-
pi ._ /

(J- 4- 1 _ 7. j|^2p j, g|,i ^^

I Sin CO,pp = 0, pco = 0, pz = /xf o-

+
'- j(p2 _ a^) i

The integral stress is a ^/-force through the origin of amount

j
jzydS = - K'Ea\

S2s(this solution)
^

.

III.

% = - (TX,

u, = - a-y,

u, = z.

Up= - o-p, ,

The only stress is 22 = E.

The integral stress is a z-force through the origin of amount

SdS = TrEa^.

S3^(thissolution)(-2--I-^)

IV.

Mj. = 2a-x|/,

M, = 22 + o-(?/2-a;2),

M, = - 2zy.

The only stress is 22 = — 2E?/.

The integral stress is a yz-GOU])le of amount

Mp = (z^ + o-p^) sin (0,

M„ = (
- 2^ + o-p2)( - cos Oj),

M^ = - 2zp sin w.

{yzz - zzy)dS — — —TrEa*.

S4s(this solution)
rEa*

V.

M^ = 22 + o-(a;2-?/2),

Uy^lvxy,

u,= - 2zx.

Up = (^2 + crp2) cos w,

Ww = ( - 2^ + crp2) sin

u^ = - 2r;p cos w. r

The only stress is zz= - 2Ea;.
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The integral stress is a 2a;-couple of amount

I I (zzx - xzz)dS =—TrEa^.

VI.

S5=(this solution)( — ^^r-A

zx= - jxy, zy = fix, zz = 0. )

pp = 0, pco = 0, pi = 0, wu) = 0, Sz — fip. )

Tlie integral stress is an ic^z-couple of amount

//
(pczy — yzx)dS = — Tr/^a*.

Sgs(this solutton)f - ^

22. Verification of the coefficients of the permanent modes in the solutionsfor a

single force, by means of Betti's Theorem.

Let a force with components X, Y, Z be applied at a point {x', y', z') in the body

or on the surface of the infinite cylinder.

We have seen in the preceding pages that a solution exists consisting of a

permanent and a transitory part, such that if in the region z^z' the form of the

permanent part is

then its form in the region z<z' is

In either region the permanent part of the solution is compounded of certain

multiples of the solutions Sj, Sj, S3, S4, S5, Sg of Art. 21, and of the six rigid body

displacements

^7 - '^^y = 0> Sg =
<[ ?<, = 1, %=\u,j = Q,

\ u^= 0. \ u^ = 0. \ u,= l

I

«^ = 0, / M^ = z, . w^= -y,
(1)

' u,= y.
' M^= -a;. .

' m, = 0.

Seeing that we might add to a solution of a given problem any multiples of S,, S2,

. . . S12 without affecting the body or surface conditions, it is not necessary to assume

that the permanent displacements in the two regions 0>2' and z<Cz' are the same except

for sign ; but, unless some such condition is laid down, all that can be determined is the

difference of the coefficients with which any particular mode occurs on the two sides of

the source. The solution is not determinate in the absence of conditions at infinity.

These cannot be taken to be the vanishing of the displacement and stress at hotJi ends

1
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of the infinite cylinder. They might be taken to be their vanishing at one end, but

the course actually adopted has certain advantages connected with symmetry. (See

Art. 20 before equation (1).)

It may be noticed that the 2-derivatives of the displacements of the fourth and

higher orders vanish at infinity ; we may say, in a certain sense, that infinity is an

accidental, not an essential, singularity of the solution.

The force {X, Y, Z) at {x', y' , z') is statically equivalent to a force (X, Y, Z) at the

origin and a couple {y'Z — z'Y, z'X — x'Z, x'Y — y'X.).

If we consider the equilibrium of a portion of the cylinder bounded by two sections

on opposite sides of the source, we see that the stresses at the two ends contribute

equally to the balancing of the force at {x', j/', z'), the permanent displacements at

the two sides of the source diff"ering in sign only, and the transitory deformation

contributing nothing to integral stress.

Hence the solution, S say, for the force (X, Y, Z) at {x, y', z') will contain, for z>z',

X . S, + Y . 83 + Z . S3 + (y'Z - zY)S^ -f (z'X - x'Z)^^ + {x'Y - y'X)8^ ; \

and in addition > . . . (2)

ttySy + OgSg + ngSg + ttjoSjo + ajiSii + °-iS\2 > )

where a^, . . ., a^^ are coefiicients to be determined.

For z<iz' , S will contain

-X.Sj- .... -(a;'Y-2/'X)S6,
)

and V (2)'

— a^o^ — .... — ajr.Sj^Q •
/

In either region, the remaining part of the solution is made up of transitory

modes only.

Let the displacements and z-stresses belonging to the solution S, be denoted by

u}'\ u,j'\ M,"'' ; zS'*-', zy'-'\ zz'-'-\

Also let

W(r,s)s/" f(M/S''''' + M/'5p<^* + w/-'£''''-w/'2BW-w/'zy^ . . • (3)

taken over a section of the cylinder ; by Betti's Theorem the result is the same for

every section and may be conveniently calculated for 2 = 0.

For any two systems of displacements, we call

I I (displacements of first • stresses of second - displacements of second • stresses of first)(fS

the work difference of the first and second systems for that section ; evidently it

changes sign when we interchange the two systems.

Now for first system take the solution S for the force (X, Y, Z) at {x'
,
y' , z'), and

for second system the permanent mode S^, r=l, 2, . . . 6, and let the part of the

body considered lie between the planes z^z-^ and z — z^, where z^<z!<z.-^.

The work difference of S, and any of the transitory modes is zero, since it is

independent of the section considered and vanishes at infinity.
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Betti's Theorem therefore gives

- XuJ'Xx', y', z') - YuJ'-ix, y', z') - Zu^'\x', y , z)

+ work difference of the system (2) and S,, !- = 0.

- work difference of the system (2)' and S,.

The last two lines on the left here are equal, so that we get

- Xw/'(a;', y\ z') - YuJ'-\x', y', z') - Zu^Kx', y', z')

_^ 2 f XW(1, r) + YW(2, r) + ZW(3, r) + {y'Z - 2'Y)W(4, r) + (z'X - cc'Y)W(5, r) )

( +(a;'Y-y'X)W(6,r) + a,W(7,r) + a8W(8,?-)+ ... +a^^W{U,r))

(4)

= 0. (5)

Now the object of inserting the rigid body rotations involving the coefficient r

in Si and Sg (Art. 21) was to secure that W(l, 5) and W(2, 4) should vanish ; that

the others of the form W(r, s) vanish when r, s = l, 2, . . .,6 can be seen at a glance.

Also of W(7, r), . . . W(12, r) when r=l, 2, , . ., 6 the only one that does not

vanish is W(r4-6, r), and its value is — |^.

Hence

a,,+6 = - XM/»(a'', y', z',) - Yu/\x, y', z) - Zu}'\x', //', z), .... (6)

r=l, 2, . . ., 6.

It may be noticed that we might have left the coefficients of S^, . . ., Sg in (2)

undetermined, and found them by the present method, taking r — 7, . . ., 12.

It will be seen that there is a very definite correspondence between each of the

rigid body displacements and one of the other six permanent modes, S7 corresponding

to Si, Sg to Sg, and generally S,.+6 to S^. Modes which correspond in this way may

be called conjugate.

23. Table of the twelve permanent free modes with their coefficients in the solution

for a force (X, Y, Z) at [x'
, y\ z').

We may put down in full the permanent terms of the solution S for the force

(X, Y, Z) at (x', y' , z'). The following belong to the region z^z' ; for z<z' , change the

signs of the expressions for the displacements throughout.

u,j = 2(TZxy,

M, = - z^x + ^x{x'^ + ?/^) - ( o- + — - T ja%,

'u^ = 2(TZxy,

1 / 3 \

X-
rEa*

rEa^

u^= - <tx,

n,, = - o-//,

a. = 2,

Z( - J-)
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+

u.

2(Txy,

2(Txy,

-2zx,

{y'Z-zY
rEa*

(z'X - x'7.)( - -L \

zx,

= 0,

= 1/

= 0,

:0

{xY-,j'X)
TTfia'

+ z'{o-(a^'2-y/2)-T,/2] X

~u^ = 0~

Uy=1,

_M, = 0,_

+ 2(TZx'y'Y

+
.j
- 2'2a;' + lx'{x'^ + 2/'2) - ('o- +A - tVvIz

2o-2'a;'y'X

+ {
- ^'Y + ^2/'(-«''

+

y'-') - ('^ +1 - ^)"Y'}z

TrEaV

rEa*

^0,

0,

1,

= 0,

= -z,

y,

--Z,

-0,

-X,

= -y,

--X,

= 0,

— (tx X
- o-//'Y

+ z'Z

1

27rEa2

2o-a;yX

+ {2'2 + (r(2/'2-x'2)}Y

_ - 2.'2/'Z

"{z'2 + o-(a;'2-t/'2)}X'

+ 2<Tx'y'Y

- 22VZ

TrEa^y

1

rE«4

-^yx
+ z'aj'Y

1

iV.5.—The coefficients of X, Y, Z in the cofactors of each of the twelve modes are

respectively proportional to the u^,Uy,U2 of the conjugate mode in accented co-

ordinates. {Cf. end of Art. 22.)

24. Verificationfrom the preceding table of certain reciprocal relations deducihle

from Betti's Theorem.

These results admit of an interesting verification by means of certain reciprocal

relations analogous to the well-known reciprocal property of the Green's function in

the Theory of the Potential, viz. that the Green's function at P for a pole at Q is

equal to the Green's function at Q for a pole at P.

Consider two deformations of the infinite cylinder with free surface and subject to

the symmetrical conditions at the two infinitely distant ends laid down in Art. 22
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after (1); the one deformation being due to a unit force at P, the other to a unit

force at Q.

Apply Betti's Theorem to these two deformations over a part of the cyhnder

bounded by two sections enclosing P and Q between them. Owing to the symmetry,

the work differences at the two ends neutralise each other, as in Art. 20, and the

result is simply that the displacement at Q, in the direction of the force there, due to

the force at P is equal to the displacement at P, in the direction of the force there, due

to the force at Q.

Now Art. 23 gives the displacements at {x, y, z) due to a force at {x', y', z'), where

2>2' ; the displacements due to a force at {x',y',z') due to a force at {x,y,z) are

obtained from these by interchanging accented and non -accented letters, and then

changing all the signs.

Hence, in the table, the coefficient of X in u^ ought to change sign merely when

we interchange accents and non-accents ; similarly with the coefficients of Y in Uy, and

of Z in u^. Also the coefficient of X in Uy ought with the same interchange to become

the coefficient of Y in u^ with sign changed ; similarly with coefficient of X in u^,

coefficient of Z in u^, and with coefficient of Y in v^, coefficient of Z in Uy.

These properties are easily verified by a glance over the table.

It may be remarked that these properties are almost, but not quite, sufficient to

determine the coefficients of the rigid body displacements after those of the six principal

modes have been determined from elementary statical considerations.

25. A more compact form of the table of permanent terms in the solution for a

force (X, Y, Z) at (x', y', z').

It is obvious from symmetry that we can deduce the solution for the force (X, Y, Z)

at {x', y , z) from the solution for the same force at {x'
,
y' , 0) by writing z — z' instead

of z in the displacements.

This allows the results of Art. 23 to be put in a more compact form ; namely, in

these results we put z' = 0, and then write z— z' instead of z. We thus find, for z'>z',

^^= y(2 - ^y + {^ - ^')H-'^'' - y') - ra-"],

u^=2a-{z-z')xy,

u^= - (z- z')^x +—x{x^ + y^) ~ {'^ '^ IT
~ ''' )^^-^''

u,: = 2<r(z - z')xy,

u, = 1(. - 2')3 +{z- z'){cr(!/^ - r/:2) _ ra^}^

u,= -{z- zfy + -^ ?/(x2 + 2/2) - (^o- + — - T V^//,

X
•Ea*

rEa-i

M, = - o-./-,

U,, = - o-.'/,

w, = ;''

~
''''' _

z -
27rEa2,
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+

u^ = 2<Txy,

Uy = {z-zf + (r{y'^-x%

3= -2(z-z>,

M^= -{z-z')y,

Uy = {z- z')x,

Mj, = 2(Txy,

u^= -2{z-z')x,

x'Z-
rEa*

(^'^-^'^<-..y

+ («,= 1, 2*, = 0, M, = 0){ix'(^'2 + y'2)-(,r + A-T)aV}z(--I
EaV

+ (z., = 0, u„ = l, «. = O)
I

l2/'(.:'2 + y'2) - (cr + 1- - T)aV |
z( - -IJ

+ U, = 0, M, = 0, w,= l ^-'X+^/'Y -
27rEa2,

+
I
M, = (z - z'), u, = 0, M, = - a;

I I

(:«'2 - ?/'2)X + 2xV'Y
| -^^ .

For z<j,', change the signs of the above expressions for the displacements throughout.

The permanent terms for a single force m cylindrical coordinates.

Similarly in cylindrical coordinates, for a force (P, O, Z) at [p ,
«', z') we may first

take z' = and w' = ; the results are most easily found from (2), (2'), and (6) of Art. 22

by changing X, Y, x'
,
y' into P, O, p\ respectively; finally we change z into z-z'

and ft) into oo — w.

If we denote by S/, S2', . . ., S12' what Si, S2, . . ., S12, Arts. 21 and 22 (1), become

when in their forms in cylindrical coordinates we write z — z' for 2 and &) — &)' for ft), then

the solution will contain, for z^z\

pSi' + 1282' + zs; - Zp'Sg' + op'Sg'

+ 0^8/+ . . . +012812',

where, by 22 (6),

ay= -work done by the force (P, O, Z) acting through the displacements of Si at {p, 0, 0)"

={>,.-(..|-.>v}z(-J,.).

1

(1)

\ (2)

"«=~'^'''^2;T^2'
'^10

= '^p''"
Ea*' '^" = '^^"^.

Ea* ^^

It may be verified easily that these results agree with those stated in Art. 19.

26. Grouping of the permanent m,odes.

The twelve permanent modes may conveniently be grouped in four sets,

(i) Flexure in the plane zx. S;^, Sg, S7, Sj^.

«, = F+la-(a;2-.y2)

f?2F
u„-^xy---^,

C?2F

"'-=~^f ''{r^'^''-^')"("' + D^'4l 'dz^
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J / 2 ox , 3 2 ,
1 o / , 3\ 2 1 1 C^^F

l\ d^F

d'¥
where F is a function of z only such that ^^^ = 0.

dz

(ii) Flexure in the plane zy. Sg, S^, Sg, Siq.

(iii) Extension. Sg, Sg.

M^= - (TX
az

23=E

M^=H,

(iv) Torsion. Sg, Sjg-

where

'Wj, = j;IT,

where —-„ = 0.
dz^

27. The coefficients of the transitory modes in the solution for a single force

determined by Betti's Theorem, assuming the expansibility of the solution in permanent

and transitory modes of the form already found.

Let a force (P, O, Z) act at {p, «', z').

We assume the existence of a solution in terms of permanent and transitory modes.

We assume also that only such of the transitory modes occur as vanish at infinity at

either side of the source, and we are to determine their coefficients.

On the side 2>2', let the transitory mode

n^' ' = ' , ' e aj IX
. Tow (1)

occur with the coefficient M.

We take

(A', B', C) = (Ai , B, , Ci)Po + (A2 , B2 , 02)^0 + (A3 , B3, C3)Z„ , . . . (2)

as at (8) and (9) of Art. 3.

In the investigation we make use of the transitory mode of similar type to (1), hut

with — /3 instead of /3 ; say this is

(3)
>A

A", B",\ ^, Bp cos
;<// eaj '—^ • TOO),

where A", B", C" are proportional to A', B', C.

We write the displacements of (1) in the form

Up =e a Up'(/3) cos moi,

uj = e a Ua,'(p) sin tooj,

u^ = e a \Jz'{p) COS moi,

(4)
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and those of (3) in the form

Mp" = eo Up"(p) cos vio),

. (5)

Up" = eo Up"(p) cos mo),

uj' = ea \JJ'(p) sill ?HOJ,

U^" = e a U/'(p) COS ?)20J,

For an application of Betti's Theorem, take as first system the solution for the

force (P, O, Z) at [p, w', z'), and as second system the mode (3), and apply the theorem

to the part of the solid enclosed between the planes z^z^ and 2 = z.2, where 2i<z'<2;2.

At z= Zi the work difl:erence vanishes, for it is the same as at z= — 00; at 2 = ^2 the

work difference reduces to that of (1) . M and (3), or of (4) . M and (5).

Hence

M work difference of (4) and (5) = Viip\p\ to', 2') + QuJ'(p', w, z) + Zuz"{p', w', z'), . . (6)

which allows M to be calculated.

The direct calculation of the work difference of (1) and (3) by integration over a

cross-section would be very complicated, but by an artifice we can express it as an

integral over the contour of a section, easy to evaluate.

Apply Betti's Theorem between 2 = and 2 = 2 to (5) and —^ (4).

Thus

fj{u;p^..^..-^pfu;-..-..yB
(7)

(3z

If we write for a moment zp = e'^Z^' cos wiw, then in the first integral of (7)

Wp ^-p = Up {p) COS vjiwi —Zp - -Zp
j
cos ?HW,

so that the contribution of this term to the difference of the two integrals over the

sections 2 = and 2 = 2 is

- -
\ \

Up"(p) cos miaZp COS mmd^,

i.e. --{[u;'^'(lS.

Hence the first line of (7) = - — . work difference of (5) and (4)....... (8)

As for the second line of (7), we have by 3 (10)

From (7), (8), and (9),

Work difference of (5) and (4) = Trp.dD/dl3{F^Vp"{a) + n^,VJ'{a) + ^Z^VJ'{a)}. . . (10)

From (6) and (10),

^^ _ 'Pup"{p', w, z ) + CluJ'{p', oi', z) + Zvz\p', 0)', 2'
) /^^^

7r/xcZD„,/(;/3{PoUp"(a) + OoU<«"(«) + /3ZoW'(«)}' " ' "

a simple expression for the required coefficient.
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If wi == 0, the result requires a slight modification.

It may be remarked that, if the solutions for a unit element of surface traction be

assumed, the value of M found in (11) may be deduced more easily.

Thus, for a linear distribution of force on the circle z = Zo, p = a, of intensity

(PqCOswco, l^osinmo), —^Zq cos mco) per unit of «, the solution is, for z<Zo (Arts. 6,

+ certain permanent terms.

Apply Betti's Theorem to this for one system, and to the solution for the force

(P, f2, Z) at (jo', w', 2'), assumed to be expressible in terms of the permanent and

transitory modes, for the other system, and M will be found without difficulty.

For the purpose of comparison of the result with (11), note that

Up':U„':U; = Up" : Uo." :
- U/'.

It is also worth noting that, since Pq, Oq, Z^ in (l), (2) are arbitrary, the values of

cf), 0, and \// in (1) cannot depend on their relative values. Hence

Up"(a) : VJ'{a) : jSU;'(«) = Aj : A2 : AA
= B,:B,:bA (13)

= Ci : Cg : Cg
j

These relations are easy to verify by Betti's Theorem and the solutions for surface

traction. {Cf. Art. 24.)

28. Simplified expressions for the transitory modes for an internal force.

The results of the preceding article can be stated in a neater and clearer form if we

consider separately the cases of a P, O, and Z force, and vary the choice of Po, 12o) and

Zo to suit the particular case.

Take Up, U„, U^ proportional to the functions of p which occur as factors in the

displacements of a permanent mode. The ratio Up(/>') : Up(a) is perfectly definite,

whether the mode belong to the type (4) or the type (5) of Art. 27.

The following are the transitory modes of the m, ^ type which occur, with their

coefficients. The complete transitory part of each solution is obtained by taking

2'2^ of these.

Ic* force at (//, «', z').

Take Po=l, ^0 = 0, Zo = 0.

for 2>2' ; for z <^z', interchange z and z'.

Q. force at {p, of z').

TakePo=0, fio=l, Zo = 0.

r<^. 0^\ ^ _ ^ IUp)(A., ,„ , B, ,„ ,\/''-f ( - sin) _ ^ .3.W; ^i^dDjciiiVMy c;,„„ / COS "*^" ->J'"„'-
•

^''

for 2> z' ; for z<z' , interchange z and ;/.
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7j force at {p ,
«', z').

Take Po = 0, Oo = 0, Zo-1.

for 5;>2'
; for z<z\ interchange z and 2', and change the signs of 0, 0, and >//.

29. The transitory modesfor an internal force in terms ofdisplacements.

Write the displacements corresponding to

in the form
<^i,™ / sin ^ ^ ""a

"»:")K''"t?;)'"''>"'^'">'<"-«''-

Then in the preceding Article Up{p') : Up(a) = Up,i{/) : Up,](a).

Use a similar notation for the solutions proportional to this, but involving A,

B, and C with suffixes 2 and 3 instead of 1.

Thus the results of last Article become for the general transitory mode :

—

'P force at {p, co', z'). z^z'.

(»-''.)= __^._„^(U...W.yM(p)A-fci>co3
\ u^ J TTfjidBJdfi Up,i(a)\ Lla,,i(/D) / sin ^ ' ^ '

Deforce at {p\ w', z'). z'>z\

('";:'•)' - m"„« #4^;r''*>- VvW').-^'(--'") .,(.-.;). . . (2)
\ «« / TrfjLdD.Jd/3 U„,2(a)\ L'„,2(p) / cos ^

^ ^ ^

Z force at [p , co', z'). z^z'.

\ n-> ) TTfj.pdDJdli Uj, 3(ffl)\ Ll„,3(|o) / sin ^ ' ^ '

By 27 (13) it can easily be shown that (2) and (3) may also be written in the

forms

TTfj^dDJd/S Up,i(a)V U<,,i(p) ; cos

u,, u,,\_
,

Zc„, Ue,i(p')^Up,i(p), U,,i(p),\ -«^„--^)cos

W„: 7rixdDJd/3 Up,i(a)\ Ua,,i(/3) / sm ^
/> v /

which are more convenient for comparison with (1).

The forms (1), (2), and (3) allow an immediate verification of two important

properties of the solutions, viz. :

—

(i) Wp at (/, ft)', z') due to a unit P force at {p, ft), z) = u^ at (/>, ft), z) due to a unit

P force at {p, ft)', z') ; and similarly with u^ and u,. (Cf Art. 24.)

(ii) For p' = a, the solutions reduce to the solutions for surface traction, given

in 6 (11), 7 (3), 8 (3).

In addition to the relations (i), three other relations follow from Art. 24 ; these

are easily verified from the forms (1), (2)', and (3)'.
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The solutions for an internal force given in this and the preceding Article must of

course be equivalent to those of Arts. 18 and 19. From the point of view of physical

interpretation there can be no question as to which of the forms is to be preferred.

For such analytical manipulations, however, as are sometimes required in applications

to problems of continuous distribution of force, the original forms are more useful,

as the functions of /S involved in these can be expressed as the residues at the poles

of D,„, of functions of /3 which have no other poles. {Cf. Art. 34.)

It may be observed that the forms now given are rigorously proved. The method

of Art. 27 assumes indeed the expansibility of the solutions in terms of the permanent

and transitory modes, but this expansibility was proved in the method given earlier.

The comparison of the two forms for the various cases leads to a variety of relations

among the coefficients A,^_,„„ B^^,„, . . . , A^, Bj, . . . , J(/3), J'(/S), G(/3), and G'(/5).

Some of these relations depend on I)„i being zero, others not, and their independent

proof is by no means immediate. I have verified a few of them by direct algebraical

work, with the help of the relation

G^;8J,;/3-GJy8J,„/3 = l//3.

Among the relations mentioned the following are the simplest. They are

independent of D,„=0, and will be found to be the necessary and sufficient conditions

that the displacements calculated from the original forms should possess the reciprocal

properties proved in Art. 24.

mAe vAd

(Arts. 3 and 16.;

e^m^ >'.ti>/(, m+ ^e, m = U,

A0, m + vA^^ „i
- ?«A^, m - Bfl, TO = 0,

inMe^ m - vi^^, m + C(|,, m + vCg, ni " mC^^ ,„ = 0.

(5)

D„ =

30. The zeroes of the function Dto(/3).

If, as in Art. 3, we write J and J' for brevity instead of J^/^ and J„/|S, we liave

(v - 2)/32J + 2/33,J', (2^2 _ 2/32)J - 2j8J', %np^' - 2?wJ

- 7H/32J, - 2n?/3J' + 27kJ, {(r- - 2«i2).T + 2^'J'

{m? - 2/32)J + v^J', - 2/?J', - ?kJ

= J3{4^6 - 12m2^4 + (i2?«2 _ 2v - 4)m2/32 + im^{l - m'^)}\

+ J2J'{8/5''> + (4./ - 8)m2/33 + 4,'Hi2(i _ „j2)^}

+ JJ'2{4y8'5 - (8^2 + 2v)/i-' + 4?h2(to2 _ 1)^2}

+ J'3{8/35 + 4v(m2-l/3'3}.

Put

Sq =— _ —- and a = /3 - 80

(1)

(2)

The earlier terms of the asymptotic expansions of J and J' are, when the real part

of ^ is positive,

,J,;/j = / "^
{ ros a -

\ fm2 + AVi-1 sin « - A (^,„,2 _ 1Y,,,2 +
15\

, cos a I .

\ nfi [ 2 \ 4 / b \ 4 / \ 4 / )

(3)
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Hence, when the real part of /3 is positive and
j

^8 1 is large, approximately

D,„=4/3'^J(J2 + J'>^) + 8^5J'(J2 + J'2)-2/3y{6m2J2 + (4m2 + y)J'2}, . . • (4)

= 8 J27r-3/?s 'sin a +1 {
Icos 3a + (1«.2 + ^) cos a

}
+ -1

{
- (1. + Am^ + ^) sin 3a + r sin a

|
,(5)

where the value of r need not be written down.

The two highest terms in (4) being equivalent to

4/35(/3.T + 2J')(J2 + J'2), (6)

we may infer that the high roots of D,„ are approximately the same as those of

^J + 2J' (all real), and of P + J'^ (all complex).

For m = 0, D^ reduces rigorously to

2/33(./3J + 2J'){2/32(J2 + j'2)_^j'2}^ . . . . . . (7)

but for any other integral value of m, D,„ is irreducible.

Asymptotic expressions for the zeroes of D,„ are easily found from (5).

Real roots.

We see that (5) changes sign between Nvri^, if N is sufficiently large.

For the root between those limits we have the approximate equations

sill a = 0, a=N7r + e,

SO that

Complex roots.

For these

a sin a +— COS 3a = 0,
4

or, if a = ^ + i>], where ^ and »] are large, real and positive,

4i(| + iv) + (cos 2| - i sin 2^)e2') = 0,

leading to

621 sin 2^ -4^ = 0. I

Thus cos 2^ is small and positive, and

then
621 = 4^.

Hence

/3_8^ = a = N7r +^ + i--Llog4N7r, (10)

a sufficient approximation for the applications given below.

More approximately,

Number of zeroes of D,,, ivithin given limits.

By an application of the Theory of Functions of a Complex Variable, I have found
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the result that when the positive integer N is large, the number of zeroes of D,„ whose

real part lies between

±{(N4> +'f-^}
is GN + 3m+6.

The result is probably true down to N=l. and even, except when 7U = 0, down

to N = 0.

To find the number of zeroes with positive real part less than a given value, we

have to take account of the number of zeroes at 0, and as to this the cases of m = and

m= 1 have to be considered specially. For to>1, m= 1, w = the number of zeroes

at is 3m +2, 9, 8 respectively. (Arts. 11, 12, 13.)

Hence, for m > 1, the number of zeroes with positive real part less than

TYlTT TT

(^4), TT + - - _ is 3N + 22/2 4

1 TT
for m= 1, the number with positive real part less than (N+— )7r + -is3N;

and for m = 0, the number with positive real part less than N7r + - is 3N — 1.

No purely imaginary zeroes.

That D,„ has no purely imaginary zeroes follows easily from physical considerations.

For if any such existed, there would be a real solution periodic in z with no surface

traction or body force. The potential energy between any two z-planes at an interval

of a period would vanish, since the work done by the end-tractions on the end-displace-

ments would consist of two parts equal except for sign.

Except /3 = 0, the roots appear to be all simple. For the large roots this is easily

seen from the approximate value of dDJd^ at a zero of D^. If D^ had a multiple

root, the forms of the residues at that root would of course be altered, but the method

of solution would still hold good, and the transitory character of the resulting functions

still be maintained.

31. Approximate formula for the high transitory mode due to a unit force at

the surface or in the body.

Real zero ofJ)^. z'^z'.

By 30 (2), (8), for a real zero of D,„,

/3-8„ = a = N7r, (1)

ttV N\a/ (a a )

(2)

4(v+2)m2 ^ 2(v + 2)2m2 ^^1=--^^. ^i=- \J , Ci = 4m(v + 2)N,

A2 = - 8mN, Bg = - 4?n(v + 2)N, C^ = SWir^

A3 = 8m2N, B3 = 4m2(„ + 2)N, C3=-8mN37r2,

^

(3)
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and, from 30 (5),

df3

:= 8 727r-?COsN7r(N7r)l (4)

Thus for a unit element of transverse traction at {a, w', z') (Art. 7),

cosNtj-X )

^

III V

1

N^TT- 2N27r2

1

'<'+^U/.-'
(

_N7r

a

m

PP = 2mN7rri-A

sin + 6,1

—

e! = mN7r(^-

ap a'

NV
a2

.„/2p 1

/* Va'' ap

cos

sm

in < —- + 0r,' >e « ^ '??i((o-oO, (5)
I a a J cos

e-<^"+*"^^(-)sinm(

(- ) sin 7n{(i} --0)'),

(- ) sin m{(ti -- 0)'),

cos 7n{o> --co'),

(- ) sin m{<j} --0,').

(U — w ),

cos Ntt'
(6)

cosNt

/xN-^tt^
(7)

For a unit element of normal and longitudinal traction change into . m{ui - w'),

cos sin

in (5), (6), (7), and multiply by^^^^^, - ™ respectively.

(8)

For a unit force at an internal point (jo', w', 2') multiply the results for the

corresponding surface force by the coefficients

(9)

(O or Z force), cos NttI^^) 'cos^^' + Sq^^) •

It may be remarked that

(i) the displacement u^ and the stresses pw, zw predominate, so that this is

approximately a purely torsional mode
;

(ii) the coefficient with which the mode occurs in the solution for a unit force is

of highest order in N when the force is a transverse one

;

(iii) for ?n = 0, the mode is exactly torsional, and occurs only for transverse force.

32. The same for a complex zero of D,,^. z>2'.

By 30 (2), (10), for a complex zero of D,„, with positive imaginary part,

^-S^ = a = N7r + ^+i-ilog4N7r,

^_1 /2
"a'~nV ^

M-t-(^-^°).

Aj = 4N37r2, Bj = - 4«NV3, Ci = - 4:mW7r\ ]

A2 = 4-imN27r, E2 = imW7r\ Cg = - iim^K^Tr, l

A3 = - 4zN*7r3, B3 = - 4 N^ttS C3 = iimN^TT^,
J

(1)

(2)

(3)
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and, from 30 (5),

\^= - 16 V27r"= COS N7re~T(N7r)5. . (4)

The solution for a unit element of normal traction at (a, w', z) contains (Art. 6)

C

iiuNiT-
ap

^2tN37r3^^, 2N37r3'^ /, N

2mW:
,a-p

o

sin ^ '
I

(5)

For longitudinal traction multiply (5) by (
- i)

;

"j

for transverse traction multiply (5) by ^tj— , and change . into ' ?)i(w - w'). I

"
'
w

For a unit force at an internal point (/)', w', z') multiply the results for the

corresponding surface force by the coefficients

(P force), - 1
I
?!'JSM« - P) {^) -h''^'-i)

\ ,

(O force), i-j . L I (7)

(Z force), i{ .

|,
J

where

e '^V n / = (4N7r) ia e a .

Remark that

(i) the displacement u^ and the stresses fw, zw are relatively negligible, so that

the mode is approximately non-torsional

;

(ii) the mode is less important for transverse than for normal or longitudinal

force
;

(iii) for m = 0, it is exactly non-torsional, and does not occur for transverse force.

33. Remarks on the appi'oximateforms of the transitory modes.

It should be observed that the results of the two preceding Articles fail when p or

p' is zero. For these cases the values of the various quantities are of course easily

found independently.

We verify at a glance that the principal terms of the p-tractions vanish at the

cylindrical boundary. Moreover, we see that in Art. 31 the displacement m^, and in

Art. 32 all the displacements, vanish to a first approximation at the boundary.

It is interesting to verify the results of Art. 29 from the above asymptotic forms.

In the case of a mode associated with a complex zero of D,„ this involves the

independent calculation of the surface displacements (or at least of one of them) to a

higher approximation, but this can be done without difficulty.

1
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With the help of the asymptotic forms we can investigate the behaviour of the

various series of terms of the transitory type for displacements and stresses with respect

to convergence, when z is put equal to z' in every term.

In Art. 31 (6), (7) the series converge for all the displacements, and all the stresses

except pj.

In Art. 32 (5) the series converge for all the displacements, and for the stress jow.

For internal force, 31 (9) and 32 (7) show that comparatively few of the series

converge.

Hence, in order to derive solutions for extended distributions of body or surface force,

we have to proceed by the following method, or some modification of it, in the case

when the section z lies within the region of applied force, i.e. when 0i<3<Z2, say.

Imagine a slice of small thickness between the sections z^ and Zj^ cut out, that is to

say, let the applied force vanish when z^<z<Z/^.

Calculate displacements and stresses at z, and integrate the resulting series,

multiplied by the applied force, term by term. Then take the limits for ^g and z^

tending to z.

It can be shown that the limits can be taken term by term, and that the resulting

series for displacements and stresses are the exact solutions of the problem, provided

the applied force is finite and integrable, and for z fixed is a function of /> with

"limited variation." *

Note that we get a different form of result for the stresses if we first take the limits,

for Zg and z^ tending to z, term by term and then differentiate term by term as may be

necessary in order to calculate the stresses. The two forms of result can be shown to

be equivalent.

34. Order of magnitude of the displacements and stresses in the source solutions,

when the radius of the cylinder is considered to be an infinitesimal of the first order.

Distinction between the permanent and the transitory terms.

In Art. 16, the auxiliary source functions (p, 0, \/^ have the form of a product of a

by a function of x/a, y/a, z/a and x'/a, f/a, z'/a. Then the formulae of Art. 19 give

(p, 0, ^ for a unit force in any direction as the product of l/fj- by a function of these

variables.

Lastly, the formulae of Art. 2 (7), (8) give each displacement and stress as

a product of 1/m«, -^ respectively by a function of x/a, y/a, z/a and x'/a, y'/a, z'/a.

That any displacement due to any force of F units must have the form

F //x xj z_ .t' y z

fji.a \a a a a a a

,

may be inferred from the consideration of physical dimensions ; for ¥/fj.a is a length.

More rigorously, if we write (^, 'i, ^ ;
^', *]', '(') = {x/a, y/a, z/a ; x'/a, y'/a, z'/a), and

* PiERPONT, The Theory of Functions of Real Variables, vol. i. p. 349.

TRANS. ROY. SCO. EDIN., VOL. XLIX. PART IV. (NO. 17). 129
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suppose the problem solved for a force F at (^', »?', ^') in the cylinder ^^ + »?'^= 1, so that

the displacement in a certain direction is (F/m)/(^, f],
t, ; ^\ n' , V,)^ then the correspond-

ing displacement in our problem is (^\ixa)f{x\a, yja, z/a ; x'/'a, y'a, z'/a), for this

satisfies the differential equations of the problem in the body and at the surface, and

takes an infinity of the proper form at {x', y', z').

Let us now put p = ar, p = ar , where r and r' are considered to be of order zero in

a ; in other words, let us consider p and p to be, like a, infinitesimals of the first order.

But let z and z' be considered to be independent of a, i.e. of order zero.

Under these suppositions, the parts of the displacements and stresses arising from

the permanent terms of the single force solutions behave quite differently in respect of

their order from the parts which arise from the transitory terms.

JT {z — z'Y...
For such a term as — ^^ '— in a displacement is of order — (n+ l), while a term

ij.a dP-

of the form —e " is of order — 1 when z = 2', and when z>0' may be said to be of

infinite order.

F iz — zY F '^'^-^)

Similarly with typical terms for a stress component, say — -^ ^ and — e "• .

It has to be noticed that the /3-series for the displacements and stresses do not all

converge when z = z'. But we know that the displacements and stresses at = 2' are

actually finite except at the single point where the source is situated. Hence the

/S-series must tend to finite limits as z tends to z', except at the source, and the order

in a of the corresponding displacements and stresses can be rigorously inferred. For if

y(/3) is of order in a, then to find

we may put z — z' = ae, and the limit becomes

Lt2,e-^!/(/3),
6 = ^

which is explicitly independent of a, i.e. of order 0.

It follows that at the 2-plane on which the source lies, the displacements and stresses

from the transitory terms are of the same order as those from such of the permanent

terms as do not contain z — z'; and a term involving the factor {z — z'Y in a displace-

ment or stress is of an order lower by n than the part of the displacement or stress

arising from the transitory terms.

35. Order ofmagnitude of the displacements and stresses in the solutions for body

and surface distributions of force. Comparison of the component parts of the

solutions arising from the jyermanent and transitory terms respectively in the source

solutions.

When we come to solutions for extended distributions of force, which are derived

from the source solutions by integration as to the source coordinates, the distinction
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between the part of a solution which arises from the permanent source terras and

the part which arises from the transitory terms becomes still more marked.

We suppose that the applied force per unit volume has the form F(x/a, yja, z),

the form of the function F being such that F(^, >;, z) is explicitly independent of a.

We also suppose that F vanishes unless z lies between a certain pair of finite values z^

and Z2, where z^<Cz2- Seeing that the forms of the source solutions depend on whether

z is greater or less than z', the ^'-integration must, if Zi<iz<jz.2, be taken in two steps,

one integration being from z^ to z, and the other from z to z^.

The cases when 2<%, 2>32 do not need much consideration. Obviously the part

of the solution arising from the transitory source terms is of infinite order in a, while

that arising from the permanent terms is of finite order.

Suppose then that z-^^z^z^.

When we multiply a function (a factor in a displacement or stress) of the form

{z— z'y^f[xla, yja ; x'ja, y'jo) by ¥{x'/a, y'/a, z') and integrate over the cross-section z',

the result is of order a^, and of the form, say, a^{z — zYfi{z'). Then the integration

of this as to 2' does not alter the order.

But when we multiply e~ » '/'(•s/a, y/a ; x'/a, y'/a) by F{x'/a, y'/a, z'), and so

obtain by integration over the cross-section a^e~ «
f^i^'), then integration as to z

from % to z gives

a^j^e-~V-f,(z')dz' (1)

lfy^(0') is finite, this can be shown to be of order a^.

For let l^=p + iq, where jp and q are real. Then, by the First Theorem of

the Mean,

the real part of a'^
j

e « f^{z')dz'

= < a mean of a^ cos?^^

—

—Ai'O \
'

I
e~~«~ dz

-{
"

Ifi-- ! •
(^)

which is of order a^. Similarly with the corresponding integral from 2 to z^.

To extend this result from a single term of the /3-series to the whole series, we

may proceed as follows. The displacement, or stress, at 2 is partly due to the force

at points 2', where 2'<2, and partly to the force at 2', where 2'>2. Consider the

former part. For this, the displacement or stress at an internal point 2 is the limit

for e = of the displacement or stress at 2 -h e
; for the displacements and stresses are

continuous within the body even when the applied force is discontinuous. (This does

not hold for any higher derivatives of the displacements than the first.)

Now

2.6 -^ A¥)dz'

,-, _)3(Z+e-z')

= 2j h " f2(^')dz',

8 J',
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(for the series is uniformly convergent if e>0),

= 2Li )
a mean of cos i-^

'-f.2{z ) ^
s' e « - e « V

, . (3)

This can be split up into two series corresponding to the two terms of the last

bracket. The limit for e = of the second series is obviously of " infinite order" in a.

As for the first series, its limit for e = we know to be finite (for we are dealing

with a displacement or stress), and by putting e = at], we see, as at the end of last Article,

that the z'-integration has increased the order by one.

To sum up these results.

Any component of the applied force is supposed to have the form ^{x/a, y/a, z),

and is therefore of order zero in a.

We first of all calculate the displacements and stresses due to a single force.

Each displacement and each stress is composed of a permanent and a transitory part.

The rigid body displacements in the source solutions will contribute nothing to the

permanent terms in the stresses.

(i) Body force.—The transitory displacements due to a unit force are of order a'^

at 2 = z'. Integration over a cross-section introduces a factor a'\ and integration as

to z' a factor a. Thus the integrated transitory displacements are of order a^.

Similarly the integrated transitory stresses are of order a.

(ii) Surface force.—The element of surface being of order a, whereas the element

of area of the cross-section is of order a^, it follows that the integrated transitory

displacements are of order a, and the integrated transitory stresses of order 0, that is,

of the same order as the applied tractions.

As for the displacements and stresses arising from integration of the permanent

terms of the source displacements and stresses, their order is lower by one at least than

that of the corresponding quantities obtained by integration of the corresponding

transitory displacements and stresses.

These results hold even when the applied force is discontinuous, provided it is

finite. When the applied force is continuous in z, and has a continuous z-derivative,

in the neighbourhood of a given section, it will be shown

that, considering body and surface force separately, and considering force in any

one direction, any integrated transitory displacement or stress is of an

order higher by two than the corresponding integrated permanent

displacement or stress.

In this case, then, the integrated permanent terras give results which are correct

as far as they go, and the error is of order al

36. Modification of the preceding results ivhen the applied force, considered as a

function of z, involves the infinitesimal radius of the cylinder.

The reasoning of last Article is based on the two hypotheses that

(i) the coordinate z is of order zero in a
;
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(ii) the applied force has the form ¥{x/a, y/a, z), and, in particular, the extreme

values of z, beyond which F vanishes, are independent of a.

We will now consider one or two cases where these conditions are not fulfilled.

(a) If the applied force is the sum of a finite number of functions satisfying (ii),

we can arrange these functions in a series of terms of ascending order in a, and deal

with each separately. This method may be applied also when the ascending series is

infinite, or asymptotic.

(6) Let the extreme values z^ and 2.2 differ by a multiple of a, so that 2;, = Zj + joa,

where p is independent of a. Thus in effect the condition (i) fails.

Put z = Zi + a^, z' = Zi + wC^ ; thus ^ and X^ are of order zero.

Then

r(izilF(2>2'=aPa-rm.,+^^'Mr, (i)
Jtx aP Jo

while

|3(Z-Z')

F{z')dz' = a
Jo

I e « Y{z)dz' = a\ e-^^-^"^(z^ + aOd^ (2)
Ai Jo

(1) and (2) are in general of the same order, so that the contributions from permanent

and transitory source terms to any displacement or stress are of the same order at points

within the region of applied force. Beyond the region of applied force, however, the

contributions from the permanent source terms still predominate.

(c) Let 01 and Zg be independent of a, but let F have the form Y{xla, y/a, z/a).

To fix ideas, suppose F to be a periodic function with period proportional to a, say
inz

F = 2A„e^.
rz in£ rZ _p(z-z') in£

Now
j
e "'dz' and / e "~^^e^dz' are of the same order, so that in this case the con-

tributions to the solution from permanent terms independent of z in the source solution

are of the same order as the contributions from the transitory terms.

Hence only those integrated permanent terms are reliable which to begin with

contain a power of 2 — z'. In particular, the only stress obtainable to a first approxima-

tion from the permanent terms of the source solutions is the stress zz, and that in the

case of flexure (m = 1) only.

37. Deduction of solutions for a body or surface distribution offorce from the

point source solutions.

In Art. 16 (10) the solution for the m-component of a source ^ = J);\~^ is expressed

in terms of integrals over the " third and fourth paths " (Art. 6), and similar forms

can be written down for a 6 and for a -^ source.

Let displacements be calculated from these "third and fourth path " integrals for

any given unit force by the formulae of 2 (7), and 15 (17) modified as explained in

Art. 18.
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The w-component of the value of any displacement u will be given in the form, say,

1 /"U _££::£)
u„,= --J^\^e a fl!/^, (third and fourth paths) (1)

Here U„,/D,„ is a uniform function of /3, even or odd according to the directions of

the force, and of the displacement m. Thus a differentiation as to z or z' in the

application of 15 (17) and 2 (7) introduces (i in the first power, but a differentiation

as to jO, p, o) or w' leaves an even or odd function still even or odd. But <p in

16 (10) and the corresponding forms for 6 and \|/ involve even functions of |S as factors

of e~ «
, so that in (1) U,„/D„, is even in /3 for the displacements u^ and u^ in the

case of a P or an O force, and for the displacement u^ in the case of a Z force ; in the

other cases 11^/0^ is odd in /3.

When U,„/D„, is even, (1) can also be written

4772.'

but when U^/D,„ is odd,

1 f\j
^"-- ^

u„, — +— ^e a clB, (third and fourth paths). . . . . (3)
4:TnJ L),,„

'

In all cases U,,^ is the product of l/fxa by a function of pja and p'/a (and of w, w'),

that is to say, it is the product of 1/m" by a function of zero dimensions in the unit

of length and of order zero in a, when a is regarded as infinitesimal.

For definiteness we shall now take a P force and the displacement u^.

The transformation of (1) and (2) by Cauchy!s Theorem gives, as at 6 (9),

for z>z',

1 1 U _&lz^ "V u /3(z-z')

Wm = o
coefficient of - in -^'e a + Zt T.^e « , . • . . (4)

2 /3 1)„, ,3 dDJd.p '

for z< z,

1 1 U ^(^-^')
-sri TJ

^^'^'>

u,„ = - coefficient of - in —^e a + /_, '!^— a a . . . . . (5)

In the integrand of (l) {cf. 16 (10)), the form of U,„ varies according as jO> or

<jo', but, now that we are dealing with forces and displacements, the terms which

alter have no residue at /3 = or at any other zero of D,„, so that no change is

produced in (4) or (5) by the interchange of p and p {cf footnote. Art. 17).

Pass now to the problem of a body distribution of P force of intensity P(jo', w , z') at

(p', M , z). There will be a solution in which the m-component of the value of u^ is

^P,m= P'(^'\ <^^' \ ^{P, w', z')u„,dz', (6)

where u^ is the function defined in (4) and (5).

(We suppose throughout that the applied force vanishes unless z lies between

Zi and 22, where 22>^i-)

Consider in the first place the integral as to z' in (6), viz.,

I =
j 1*(f',1w', z')u„,dz (7)
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Substitute the value of m^ from (4) and (5).

The integration in (7) can be taken term by term [cf. Art. 33), so that we obtain,

for z^<z<z^,

[z
{ \ 1 U ^^-^')

I [^ {\ 1 U &i^
I1=1 < - coefficient of - in -^e " r Pf^J^' +1 ( t: coefficient of - in —^g a \ Fdz'

U C fz P(Z-Z' ) ^ rz.2 «2_-2')

+

for z>Zo,

dBjdfS

( fz P{Z-Z1 /•2., «Z-2')
)

< jPe a dz'+ "Pea dz
^

(8)

and for ^< Zj

,

I^/Jlcoefficientof^inU..^}p.z',-Z{^-^/;p.~^.z'[ .

(9)

Now the first or permanent part of the value of u^ in (4) is just the u^ of the

permanent source terms collected in Art. 19. It is of course zero if m>l.

Thus when we substitute the value of I from (8) or (9) in (6) the part of the

displacement in (6) arising from the " coefficient of 1/^" terms is just what comes from

integration of the permanent terms of the point source solution ; and similarly for a

force or displacement in any other direction. In next article we shall consider

this part of the solution for any distribution of force.

The part of the solution arising from the 2 of (8) or (9), that is, from the transitory

terms of the source solutions, will be considered in Art. 39.

38. Solution for any distribution of body or surface force—the part arising from

the permanent terms of the source solutions.

For this part of the solution we shall suppose the applied force expressed in terms of

X, Y, Z instead of P, O, Z components, on account of the greater symmetry of the

results. And for the same reason the components of the displacement are taken

parallel to the rectangular axes of x, y, and z.

The results for the (point or surface) source solutions are collected in Art. 25 for

2;>2' ; for z<z' we have to change all the signs.

The body force per unit volume is X, Y, Z ; the surface traction per unit area

X^, Y^, Z^. The only difference in the results for the two varieties of applied force is that

one appears in volume integrals, the other in surface integrals ; and for the sake of com-

pactness we represent the sum of an integral over a section and a similar integral round

the contour of the section, of the type

jf{a^',I/',z')X(x',y', z')dx'dy' + jf{x, y',z')X^{x',y',z)ds', . . . (1)

by the symbol

'^{f{x',y',z')Xix', y',z')} simply (2)

The results are best expressed in terms of certain functions of z only and their
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derivatives. These functions are defined in terms of the given applied force. The

process will be illustrated by application to the first group of terms in Art. 25, and

the results for the complete set of terms will then be written down.

The first line in the table of Art. 25 gives, after integration through the volume

and over the surface :

—

if 2< 2j ,

rEa* .u^= - — (z - 2')32X(.x'', y', z')dz' - (o-.r^ - a-y^ - ra^) / (2 - 2')2X(x', y', z)dz
;

if 2] <2<Z2,

TrEa*

if 2>22,

.u,=
f^
1(2 - zy-EXix', y', z)<lz + ((7x2 _ ^y2 _ ^a2)jr^ (, _ 2')2X(a;', y\ z)dz |

'

- j["'l(^ - 2T2X(a;', y\ z')dz - (ax' - cry^ - ra2)^''(z - z)^X{x', y' , z')dz'
;

(3)

ttEo* . u, = t\-{z - 272X(a;', ij, z')dz' + (o-x^ _ ay"- - to^) hz - 2')2X(a;', y', z')dz .

Let f{z) be an integrable function of z which vanishes unless 2i<2<22, and let

a function x{^) be defined for all values of z as follows, n being a positive integer :

—

if 2< 2i , x(^) = - [\'' - 2')7'(2>?^'

;

if
2i < 2< .,

, x(2) = [ (^ - ^rf{^')dz' - j\z - 2')y(2>2'

;

if 2> 22, x(^)= \\z-z'Yt\z')dz';

or, more succinctly, for all values of z,

X{z) = l\z - zr/iz')dz - j\z - zrf{z)dz. . .

(4)

(5)

Then

'L
dz

X(2) = «£ (2 - 2')"->/-(2>iz' - «j% - Zy~'f{z)dz',

^.xi:^ = KnUz).

(6)

For the function ~.—yXi^)^ where x{^) i^ defined as in (4), we shall use the
2(n

!)

notation

Dr"-y(2).

Thus, if r is a positive integer,

£,Dr-y(2)=Dr"-^+7(2),

|^D-"-y(2)=/(2),

(7)

(8)

and D ''f{z) is continuous for all values of z.
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The first group of terms in Art. 25 may be written

J¥_, ( 1 / 3 \ o ) 1 i«F_,

u,,=

U,= -X-
dz

where

^-.W^"2^(^-^''^)-

. (7)'

(8)'

(In the table given below, the terras involving t here are associated for subsequent

convenience with Fq.)

We will now write down the complete results derivable from Art. 25 in this way

;

and seeing that the sum of the integrals in (1) symbolised as in (2) does not depend

on x\ y', we may drop the accents on these letters. The variables in the functions

X, Y, Z which occur below are then x, y, z.

It is convenient to tabulate separately the results for force perpendicular, and

force parallel to the axis of the cylinder.

Tables of displacements and stresses arising by integration froTn the permanent

displacements and stresses oj the point source solutions.

Force perpendicular to the axis.

+ cr(.«2
.. y2)_ ___2 +^zy^ + 1 - yn_,|

c^F_9 (iG_o
'

dz ' d??

1 C^3F_o / 1 \ ^3Q_^ ^n
,

(9)

2A- = ^
I

0-(.r2 - 7/2) +—.^2 +—y2 _
l^

^ ^ __y2 |
_

i.3-+^- +Tf^^ -M-
ffe

2^ = /xi o- +— ].<;(/

F-2
i / ,2 9^ , 1 9 3 9 / 3 \ 2 ) 1 6^3G_9 (^n

..= -e.^2_e/!«^,
C^Z2 CZ22

(10)

where
-2 TrEa*

4

Dr*2x,

I
1

Fo = ^^Dr^S {
l{cr.r2 - cr^2 _ ^«2)X + <,,.;yY

}

G-2 = -4riD7*2Y,
rEa*"

TRANS. ROY. SOC. EDIN., VOL. XLIX. PART IV. (NO. 17).

(11)

130
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Force parallel to the axis.

(/2F_i
+ H^' - f) .:^' + -^y-£i-' - -^: + Fi

j

M„ = G,-1

rf2^ d22 (/Z

I

r
M, = - .-c^ 1 - ^-—J + H(,

,

dF_

lb: dz

(12)

where
a=-E/^-E/-^ + Efo, (13)

^- = ^^^^"2(.^)'

F,= -
Ea*

Dri2[ { l^(a,-2 + ^2) _
(^^ +

1 _ ^^«2.^.

I 2̂

G_,=-^^^^-^2^^^)'

^^^=-;i^^^^"^2
||^(,.2 + y2)_^,+ | ^^'/[^^^

H„
rEa^

Dr^^z.

(U)

The suffixes attached to the various functional symbols F_2, F^, etc., are intended

to indicate the order of the functions with respect to the infinitesimal a, subject to

the following understanding as to the order of the applied forces.

The functions X, Y, Z are supposed to be functions of xja, yja, and z, so that when

we put ^, '; for xja, yja, the functions become explicitly independent of a. X, Y, Z

are therefore of order zero.

On the other hand, X^, Y^, Z^ are supposed to be functions of ^, »;, z all multiplied

by a, so that they are of order one.

On this understanding 2aj is of order 2, 2(a!X) of order 3, and so on.

2 is defined at 38 (2), and D;*, D;^ D;^ D,"' at 38 (7).

The tables give correct approximations as far as they go for the displacements and

such of the stresses as are mentioned. Any stress which does not appear in the tables

is of higher order than Siwy which does. Cf. Art. 41 for a fuller account.

It will be seen that the tables give the displacements as far as terms of order one,

and all the stresses as far as terms of order zero.

If we write /for the sum of F (Art. 26) and F_2 + F_i + F0 + F1, so that / is the

approximate a;-displacement of a point on the axis [cf. Art. 43), we have obviously

dz^ rEa*

d^ 2{-i<;«^ + J/2)+i(cr + |-T)a%}z]. . (15)

Similar equations can be written down at once for the sum of the functions G,

or H, or II.
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39. Solutionf07' a distribution ofbody force—the 'part arisingfrom the transitory

source solutions.

We return now to Art. 37 in order to consider the part of the solution for any distri-

bution of force which arises from the transitory- terms in the solutions for a single force.

We shall suppose not only that the applied force vanishes outside the interval

%<z<2;2, but also for the most part that within that interval each component of the

force is a continuous function of z possessing a certain (perhaps unlimited) number

of continuous z-derivatives. The results obtained can be extended at once to the

case where the interval z-^ to z^ can be divided into any finite number of intervals

fulfilling this condition. No restriction is placed upon the character of the applied

force as depending on x and y, except the condition of integrability.

For 2;>22 or 2<2i, that is, outside the region of applied force, the matter is simple.

The solution obtained by such integrations as those of (6), (7), (9) of Art. 37 is obviously

compounded of permanent and transitory free modes, for they are obtained from such by

integrations the variables and limits of which do not depend on the current coordinates.

Within the region of applied force, however, this is no longer true, for the limits of

integration in 37 (8) depend on z, and the character of the solution is completely altered.

We wish to consider this part of the solution with reference more especially to

two questions,

(i) the question of the expansibility of the solution in terms of ascending

order in a ; and

(ii) the question of the behaviour of the solution at the critical sections 2; = %
and z = Z2, where the applied forces or some of their z-derivatives are dis-

continuous functions of z.

Throughout we are considering separately the m-component of the solution, that is

to say, that part of the general solution the displacements of which involve cos ww or

sin mw as factors. Of course any transformations efiected on w,„ do not aff"ect the

convergence of the w-series ^'u,,^.

As in Art. 37 so in the following transformations we contemplate, to fix ideas, the

displacement u^ due to a distribution of internal P (radial) force. The case of any

other displacement or force, or of surface traction, may be treated in the same way.

Consider the second line of 37 (8), say,

Repeated integration by parts gives, if F{z) be put for P{x', y', z),

I
P. " '-fl'W-|.iI'(^)+- ••+( -')-'!;^W

(2)
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and'
|8(z-/)

fz-2 P}£Z±J „ ^2 S /,'• a»-l

^Zl^P/^J i

Hence
^

(3)

u.,

.<mjd(3 \ 13
I
?^P(2) + 5|. ^P(z)+ .... to the term in a""' or a" \

TT _ ^(^-Zl)

+2
1 fi^^^^)-*-;8^aT>^+----+^aiP^(^^M

e a
.d'DJdl3

' U

(4)

cZD,„./cZ/3 I
' ' 13"jz, dz" ' ' p

Consider separately the four series in the four lines on the right of (4).

In the_^7"5^ line, the sum of the series can be found in finite terms, for it is

Residue at (3 of ^ \
^V{z) + -^^- ^P(z) + .... to the term in a'-^ or a" [ . . (5)

The function of which the residue is taken here is an odd uniform function of ^
which vanishes at infinity in such a way that the sum of all its residues vanishes. But

the residues at ±:/3 are equal, so that

2[ ]
in (5) = - — residue at of the function of /S in

[ ]

- J-coefficient of Ji in ^'^ | ^^P(z) +
2 B T>^\ B ^^P

2«3 ^ {z)+ . . to the term in a"~^ or a" >.

(6)

u.
The ascending power expansion of ^r has the form

^ = u!:^'^-* + uir^'iS-^ + ur^s"" + u^'^^

+

(7)

where U^ *^ and U^ ^^ do not occur if m>l.m m

(Note that the forms of U^\ U^\ etc., are diflferent in the two cases p>p', f><p',

Art. 16.)

Hence in (4) the
Jig

first line of I2 = - aU™P(z) - a^Ul"' -2P(z) - .... to the term in ft"-i or a". . . (8)

In next article this will be considered more fully in connection with the terms

found in Art. 38.

In the second line of (4), the general term is proportional to the displacement

Up = JJ,„e a (9)

belonging to one of the transitory free modes.
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When a is small, the corresponding deformation is insensible except very close

to the section z = z-^. We may call it a transitory perturbation.

Similarly with the third line of (4) at the end 2 = 22-

We will return to these transitory perturbation terms in Art. 41.

Lastly, tho,fourth line of (4) contains a series of the same general character as the

series (1), but it is at once of higher order in a on account of the factor a", and more

highly convergent on account of the factor /3"" in the general term.

40. The asymptotic particular solution for body and surface force.

The complete value of I in 37 (8) consists of the first line there and the four lines

of 39 (4). We consider in the present article the first line of 37 (8) in combination

with the first line of 39 (4) ; let the sum be denoted by S„.

By 39 (7)

Also

Dm ~ VI ' m" m

"

-'-'4;^_i
^(^-^')

I

i^Kz ~z'f _ i^\z-z'}

2a2 6a3

and
p{z-z')

F^ = 1 + ^(^^) + ftnlIV&z£T + . .

(1)

(2)

(3)

(4)

2a? 6a3

Hence the first line of 37 (8) is equal to

+r {
A'*"UL-^'(^-^')^+ \a-^^\:^\z-z')

I
V{z')dz',

or, in the notation of 38 (6), to

These terms do not occur if m>l.

Hence

S„ = (4)liere + 39(8)

= _ a-3U<-^'D-*P(z) - a-iU'-2'D-=P(z) - aU™P(2) - a^U'^'-^Pfz) - .... to the term in a"-i or d!\ (

Denote the last line of 39 (4) by E,„.

As we saw at 39 (9), the second and third lines of 39 (4) correspond to free

transitory modes, which contribute nothing to body or surface force.

Thus, by 37 (6) and (7), if we write

(6)

I
(5)

\ fa C^TT

U = \ \ (Sn + Rn)p'(^jo'(ia)',
p'"* yo Jo

then u^ ^^ is the jO-displacement in di particular solution for the body force and surface

traction, for z-i<z<z^.

The functions U(;^\ U(^'>, U^\ W^, etc., of p, «, /, w' are all of order a'^ (Art. 37

after equation (3)). Hence in S„, or in its term-by-term integral over the section z,
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the order in a increases by tivo units from term to term of the series. The terms

which involve z-derivatives of P(2) of negative order (so to speak) are just those

which come from the permanent terms of the point source solutions.

If V{x, i/, z) is a rational integral function of 2, the series (5) terminates, and we

obtain a particular solution in finite terms for Z]<.z<Z2* To bring out this particular

solution explicitly we only need to expand the functions U^/D^, etc., in ascending

powers of ^.

In the case when P has an unlimited number of successive ^-derivatives it may

happen that E„ tends to zero as n increases indefinitely. For this it is easy to get

a simple sufficient condition.

Thus in Il„, the last line of 39 (4), the first part may be written

U,„ 1 _fcil)-]
e a

and the /3-summation can be replaced by

dz', (7)

~ -\e~ a dfS, (fourth path of Art. 6) (8)

Now consider the power series in the variable ^,

2a^|p(.)r (9)

Suppose that the radius of convergence of this series is ^0, where

^o>V^-t (10)

We shall show that this condition ensures the vanishing of R„ for n infinite, and

the consequent convergence of the series (5) and its term-by-term integral, with

respect to the accented variables, over a cross-section.

For, by (10) we may take a positive number b such that

^<^<^, (H)
to

Then the "fourth path" in (8) can be taken to be a semicircle of radius h about

the origin as centre, along with those parts of the imaginary axis for which
|
^ i> h.

From the consideration that
|

h//3
\

does not exceed unit)' at any point of the path,

the integral is easily seen to be a finite multiple of 1/6", say M/6'\ where M is finite for

n infinite.

Hence

(7) = (-])"J'm|^|>(^')cZ.' (12)

Here the integrand is a finite multiple of the general term of (9) for ^= i/b, that is,

by (11), for a value of ^ less than the radius of convergence of (9). Thus (7) vanishes

for n infinite ; and similarly with the second part of R„ in the last line of 39 (4) ; the

statement after (10) is thus verified.

*
(Jf. a method due to E. Almanki, PJm-nMo}). d. Math. IViss., iv. 25, I3d.

t Here h^ means the least moduhis of a zero of D,„.



EQUILIBRIUM OF AN ISOTROPIC ELASTIC ROD OF CIRCULAR SECTION. 957

The form of the condition at (9), (10) shows that if F{z) be fixed while a tends to

zero, the term-by-term integral of (5) with respect to z' has the better chance to

converge the smaller a is. But of course it may diverge no matter how small a is.

It is then an asymptotic series. The sum of p terms diflfers from the value of u^^ ,„ in an

exact particular solution by a certain remainder. This remainder does not vanish for

p infinite, but it involves the factor a^^~'\ so that its order in a continually increases

with p.

In our solution the remainder is given by a definite integral, derived from the

last line of 39 (4) by integration as to the accented variables over the section of the

cylinder.

41. Nature of the error in the approximate values of displacements and stresses

defined in Art. 38.

The method of the two preceding articles may be applied to force and displacement

in any direction. When force and displacement are both perpendicular or both

parallel to the axis, the series corresponding to 40 (5) will involve only even z-

derivatives of P(2) ; otherwise it will involve derivatives of odd order only, for

the integrals of 39 (l) will then be connected by the minus sign.

The complete solution for the whole cylinder may be considered to be composed

of two parts, viz. :

—

(i) The asymptotic particular solution, the leading terms of which are defined

in the tables of Art. 38. Outside of the region of applied force, this part

of the solution contains only a finite number of terms, multiples of

permanent free modes. The order in a increases by two from term to

term of the series for displacements and stresses.

(ii) The transitory perturbations (end of Art. 39), the influence of which is

insensible except at points whose distance from the sections z^ and z^ where

the force, or some of its ^-derivatives, is discontinuous, is of the order a.

The office of these perturbations is obviously to secure the continuity of

displacement and stress at the critical sections.

The order of the displacements and stresses at these sections due to the perturbations

is easily made out from 39 (4). There the leading terms in the second and third lines

are of the same order as the leading term in the first line. But when force and

displacement are one of them parallel and the other perpendicular to the axis, the

second and third lines will be of lower order by one than the first.

(a) It easily follows that the displacements due to the transitory perturbations

are of higher order by one than the displacements of highest order in the tables of

Art. 38 ; that is to say, they are of order a^.

(h) With respect to the order of the first derivatives of the displacements, there

is an important distinction between the transitory part (li) and the main part (i) of the
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solution. The transitory part being defined by functions of xja, yja, z/a, it follows

that diflerentiation as to any of the coordinates lowers the order of any term by one.

In the main part this is still true for differentiation as to x or y, but ^-differentiation

does not in this case alter the order, the terms of any one order being functions oi xja,

yja, and z.

(c) Thus, away from a critical section all the first derivatives of all the displace-

ments, as calculated from 38 (9), (12), are correct so far as they go.

At a critical section all the first derivatives are still correct except dujdz in (9)

and duJdz, dUyjdz in (12).

{d) It is important to notice, however, that in the case of force parallel to the axis

the strains e^^ and e,,^ are not correctly obtained by differentiating (12). The reason

is that the terms of order 1 in diijdz and dUy/dz in (12) are of the same order as the

terms in dujdx and dujdy arising from the leading neglected terms of the asymptotic

solution.

Hence the stresses zx, zy in the case of force parallel to the axis are not correctly

calculable from the approximate displacements in (12).

(e) For a precisely similar reason the dilatation, and consequently the stresses xx,

yy, zz, are not correctly calculable, in the case of force perpendicular to the axis, from

the approximate displacements (9), the term of highest order in zz being at fault

and XX, yy being incorrectly given, though of the right order, namely 1.

{/) Excepting the strains e„ and Sy^ from (12), the stresses xz and yz from (12),

and the stresses xx, yy, zz from (9), the strains and stresses as calculated from (9) and

(12) are correct so far as they go, away from a critical section.

[g) The strains and stresses from the transitory perturbations are of the order a

at the critical sections. The stresses in (10) and (13) are therefore correct even there.

42. Discontinuities of a more general kind in the applied force.

It is obvious that the method of the preceding Articles (37, etc.) can be applied

when the force or some of its ^-derivatives is discontinuous at any finite number

of 2-planes. From 39 (4) it is easy to see that the transitory perturbations will

depend on the differences of the values of the force (and of its successive ^-derivatives)

on the two sides of the section of discontinuity.

A similar method can be used when the surfaces of discontinuity are no longer

2;-planes, but have a more general form. In such cases it is preferable to modify

the process at Art. 37 (G), (7) by integrating over the cross-section first. It may

happen that these integrals and their ^-derivatives are continuous functions of z,

in which case no transitory perturbations will be introduced. In general, the

asymptotic solution would fail at a point where the tangent plane to the surface of

discontinuity is perpendicular to the axis.
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43. Finite cylinder. Any deformation due to end tractions alone is expressible

in terms of the free modes for an infinite cylinder. Exact determination of the

permanent modes when the end tractions are given. Some problems soluble completely.*

Once the solution for a force at a single point within the infinite cylinder is known,

Betti's Theorem leads immediately to an expression for the displacement at that point

in the direction of the force in any deformation whatever, in terms of the body force,

the cylindrical surface tractions, and the end tractions and displacements belonging to

that deformation. We have only to take the single force solution as first system and

the deformation in question as second system in the Theorem, stated in Art. 20.

The volume integrals and cylindrical surface integrals give a particular solution of the

problem for the body force and the cylindrical surface traction. This is the same solution

as we have already derived from direct integration of the source solutions. {Cf Art. 24.)

The surface integrals arising from the ends of the cylinder (which we shall suppose

to be z-planes) are, in the three cases of a unit X, Y, and Z internal force, the surface

integrals of functions proportional to the three displacements u^, Uy, and u^ in a

permanent or transitory free mode of the infinite cylinder. {Cf Art. 23 at the end,

and Art. 29 (I), (2)', (3)'.)

This shows that any deformation of the finite cylinder due to end tractions alone is

expressible in terms of the permanent and transitory modes belonging to the infinite

cylinder.

An important problem is that in which the end tractions are given and the

permanent modes of the solution are required. In this case the modes whose definition

in terms of integrals over the ends involves end displacements are simply rigid body

displacements, and, omitting these, we have the permanent terms given explicitly in

terms of the integral stresses (or stress-7-esultants and stress-couples, cf. Art. 21) at

the two ends. That the six chief permanent modes are determinate exactly from the

integral stresses at the ends is otherwise evident, for in any transitory mode these must

vanish, since they are independent of the section and contain an exponential function

of 2; as a factor.

Certain problems involving given conditions at the ends can be solved completely

in a simple form with the help of the solutions for force at a single internal point.

{a) We can find the symmetrical torsional component of the solution when

either displacements or tractions are given at the ends.

(b) We can find the complete solution when the normal end tractions and

tangential end displacements are given ; and similarly when

(c) the tangential end tractions and normal end displacements are given.

One method of solving these problems is to begin by balancing separately each of

the free modes in the source solutions for the given end conditions. {Cf Art. 15, after

(3).) For the conditions {a), {b), or (c) it can easily be seen that each /3-mode is

balanced by modes associated with the same /3, the coefficients of which may easily be

* Of. Art. 47.
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found. The permanent modes are also easily balanced in these cases. For example,

for problems (6) and (c), the modes of Art. 19 corresponding to flexure in the plane zx,

viz. (] )
(ii) and (iii) with 5 (ii) and (iii), are balanced by a deformation of the type

Art. 26 (i) ; in {h) F and g- i" (<^) -7- ^^'^^ "7-3" ^^'^ given at the two ends, and F is

completely determined. A somewhat simpler method for these permanent modes will be

explained in Art. 47 (h), (c).

The problems of given end tractions and of given end displacements do not admit

of such simple solutions. But we have just seen that when the end tractions are given

the six chief permanent modes can be found exactly. And in the important case when

the end displacements are given to be null, under a given internal force, the permanent

modes can be found approximately, e.g. in Art. 26 (i) we can take the values of F and

r/F

-J-
at the ends so as to neutralise the principal values of the zx-flexural displacements.*

44. Given particular solutions for the body and cylindrical surface forces in

separate regions hounded by cross-sectiofis, to determine for each region the subsidiary

free modes necessary for continuity of displacement and stress.

It sometimes happens in cases when force is applied only to a limited portion of the

body that a particular solution for this portion is easily found. For example, the forces

may be those of Art. 3(1) between z — z^ and Z — Z2, and may vanish when 2 lies beyond

those limits. In this case the solution of Art. 3 is a particular solution for z-^<:iz<Cz2,

while 7iuU displacement is a particular solution beyond this region. We know from

the preceding Article that the complete solution can only difl"er from the aggregate of

the particular solutions by series of permanent and transitory free modes, these having

different coefficients in the separate regions, and the transitory modes having their

maximum influence at the section of discontinuity.

One method of completing the solution would be to deduce the applied forces from

the fundamental equations of equilibrium and then solve the problem afresh as in the

preceding pages. The solution thus found would, for z^<Cz<Z2, diff"er from the given

particular solution by definite free modes. Subtracting these from our solution in

every part of the body, we find the subsidiary free modes in the exterior regions.

But there is a simpler method depending on the properties of the mutual ^vork-

difference of two free modes (Art. 22),

In the first place, the work-difference of two deformations at a given section is

continuous across the section, since it involves only the displacements and stresses.

Next, to any free mode there corresponds a second, or conjugate mode, such that

the work-difterence of the two does not vanish, while the work-difference of either and

any other than its conjugate does vanish. (Art. 22 between (5) and (6), and Art. 27.)

Considering now two regions separated by a section z = Zq, let 2j be a particular

solution on the side z<Zq, and ^2 01^ the side z'>Zq.

* df. Art. 47.



EQUILIBRIUM OF AN ISOTROPIC ELASTIC ROD OF CIRCULAR SECTION. 961

Take S any free mode and S' its conjugate, and suppose for the moment that the

coefficients in these are so chosen that their work-difference is unity.

Let rrii, m/, W2, mj be coefficients such that m^S + ?7^/S' occurs along with 2i in

2<Zo, and m.^ + m^'^' along with Sg in z>Zq.

The work- difference 2itz = z^ of 2^ -I- ?7iiS -f m/S' and S' is equal to the work-

difference aX z = Zq of Sg -f TOgS -I- 9772'S' and S'

;

i.e. (the work-difference of 2^ and S')-hWi = (the work-difference of Sg and

which gives mi — m^ ; similarly we find m^— m^.

Thus we find the differences of the coefficients with which any particular mode

occurs in the various regions in which separate particular solutions are known ; and

obviously it is only these differences with which we are concerned in questions of

continuity. Clearly, if the body extends to infinity we can make the transitory modes

vanish there, and the permanent modes have opposite signs at 2= ± 00.

The work-differences of all pairs of conjugate modes are determined in Arts. 22

and 27.

A method using Betti's Theorem, similar to that by which 27 (10) is found, is

sometimes sufficient to determine the work- difference of a given particular solution and

any free mode, when the forces are known ; this is so, for instance, when the forces

between ?i and z^ are proportional to an exponential function of z, as in the problem of

Art. 3, and the displacements of the particular solution are proportional to the same

exponential function.

45. Relations between the displacements and stresses of any transitory mode.

We have already (Arts. 22 and 44) made use of the fact that the work-difference at

any section of any permanent mode and any transitory mode vanishes. The theorem

leads to twelve relations between the displacements and stresses of any transitory mode,

which will be here set down in detail. The twelve relations may be arranged in four

groups corresponding to the four chief types of deformation of the cylinder [cf. Art. 26).

Let u^, Uy, u,, zx, zy, zz be the displacements and z-stresses of a transitory mode at

any section ; U^, Uj^, U^, ZX, ZY, ZZ those of a permanent mode. Thus

j
j(Ujz + U/y + \J,zz - ZXm, - ZYu^ - ZZu,)dS = 0.

Here it is evident that the coefficients of the various powers of z must vanish

separately. Taking the permanent modes as in Arts. 21, 22, we find :

—

'

IJzxdS^O, (1) /"/'.rSr/S = 0, (2)

JS = 0, (3)

dS = 0, . (4)

I I
\ —a-{y^ - f) - -^rci^

I
zx + dxyzy + E.rw,

//
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'

IjzjjdS^O, (5) jjyzJ:dS = 0, .

j
j

a.r.!/a +
I

lcr(//2 - ,,.2) - i- ra^
|

zJ) + Eyu, dS = 0,

'[jzzdS = 0,

/ I {a:fzx + aryzij + Ew,)^7S = 0,

\jjiy^-xzj))dS = 0,

I
j
ix{yu^-.ru,^)dS = 0. ..........

tZS = 0,

• (6)

(7)

• (8)

• (9)

• (10)

. (11)

• (12)

Exact evaluation of these twelve integrals in terms of the force applied in the body

and at the cylindrical surface, and offunctions defining free permanent modes.

It follows from the results (1) to (12) for the transitory modes, and from the

argument used towards the end of Art. 33, that the values of the integrals over a

cross-section in (l) to (12), as calculated for the particular solution which is derived

by integration from the source solutions, can be found by evaluating them for the

permanent terms of the source solutions and then integrating for the given distribution

of force. Then, by Art. 43, the further addition of their values as calculated from

the permanent modes of Art. 26 gives the exact values of the twelve integrals for any

deformation of a finite cylinder.

The results in terms of the functions of z partially defined in Art. 26, and of those

explicitly defined in Art, 38, are as follows. We write (1) for the integral on the left

of (1), and so on.

(I)=-l.Ea4|^(F + F_,),

(II)=_^^Ea*^'(F + F_2 + F_,),

(III) = - ~^E«*;|(F + F_2 + r_i + F„),

(IV) = + l7rEa4(F + F_2 + F_i + F„ + F,),

(V)=-l.Ea^|3(G + G_,),

(VI) = - l,rEa4|!(G Ar G,., + G..i),
4 az-

(VII) = - l-7rEa*-'^(G + G_., + G_, + G„),
4 r/z

(Vni)= + 1 ,rEa4(G + G_, + 6_i + Go + G^),

(IX) = 7rK«2|(H + Ho),

(X) = 7rEfl2(H + H^-l-H,),
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(xi)=-l^;.a*|(n + n_i),

(XII)=-l:r/.aXn + n_i).

Interesting relations may be obtained from these by elimination of F, G, H, or IT

by ^-differentiation, e.g.

(III) + |-(lV) = l7rEa4'^i
dz 4 dz

-z a^x >

All the functions (I) to (XII) are continuous functions of z, even when the applied

force is discontinuous at the section z. This follows either from the explicit values of F_2,

etc., given in Art. 38, or from the fact that the transitory modes contribute nothing

to the integrals. We thus obtain another solution of the problem of Art. 44, not

differing essentially from the solution given there, but somewhat simpler from the

physical point of view.

46. Another method for calculating the twelve integrals. Modified form of the

twelve relations.

The values found for the integrals (I) to (XII) in last Article can be obtained

immediately with the help of Betti's Theorem.

In each of the permanent modes of Arts. 21 and 22 write z' — z instead of z, and

take X, y, z', instead of the usual x, y, z as current coordinates. For the application of

Betti's Theorem take for first system one of the permanent modes (as just modified),

and for second system the deformation [u^, Uy, u^, zx, zy, zz) due to body force X, Y, Z,

with cylindrical tractions X^, Y^, Z^, and end tractions.

Apply the Theorem to the slice between z' = z^ and z' = z.

Thus from the mode of Art. 21 I. we get, for the integral (IV), at the section z.

i i_(/ - zf + (z' - z){ax^ - cry'- - m^)
|
X + 2ct{z' - z)xyY

III

+ -(^1 .,)2,r+^:,(.r2+y2y 0- + - a% > zz

_ - /.

I
ai:,? - y2) + |_.,2 + ^_y2 _ ^^ +^y I

,,^. _ ^(^^ + \yxyu,^ + 2E(2, - z).ru,
\ __

JS,„ (1)

z
2 being defined as in Art. 38 (l), (2), and the notation 2 [] being used to indicate

that the values in [ ] are taken at the section z'.

The second integral on the right of (1) is a rational integral function of z of the

third degree ; and the first term of (l) obviously differs from + ;^7rEa*(F_2 + F_i + F,, + Fi)

by another function of the third degree.

Hence the result agrees with the value of (IV) given in Art, 45.

The remaining integrals of (I) to (XII) may be dealt with in the same way.
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47. Finite cylinder. Approximate solutions for various conditions at the plane

ends*

The complete solution of any problem for a finite cylinder may be conveniently

regarded as composed of three parts :

—

(i) A particular solution for the body forces and cylindrical surface tractions.

Such a particular solution is given exactly by the solution for an infinite cylinder which

has been defined in the preceding pages. Approximate values of the displacements

and of certain of the stresses are set down in Art. 38. Explanations as to the order of

magnitude of the error in displacements, strains, and stresses made by taking the

formulae of Art. 38 as exact are given in Art. 41.

(ii) A combination offree permanent modes of the forms set down in Art. 26.

(iii) A combination offree transitory modes, the influence of which is confined to

the immediate neighbourhood of the ends.

We go on to show how the free permanent modes of (ii) may be determined, exactly

or approximately, for various sets of end conditions.

We will consider the cases when we are given at each end one or other of the sets

(a) B, zy, 7z,

(b) M,,. ,u^,£:,

(c) u, , zx., fi),

(d) u, , u„ , u,

,

not necessarily the same set at both ends. The conditions which occur in most of the

ordinary practical problems can be brought under these heads. For (a), (6), and (c)

the exact relations given at the end of Art. 45 enable us to determine the permanent

modes exactly.

(-) (I) and (II) give g^ and g, (V) and (VI)^ and ^, (IX) ^, and

(XI)
-J-,

at an end where zx, zy, and zz are known.

(h) (II) and (IV) give F and ^, (VI) and (VIII) G and ^, (IX) ^, and
ciz az^ dz

(XII) n, at an end where u^, Uy, and zz are known.

(c) (I) and (III) give^ and |^, (V) and (VII) ^ and ^, (X) H, and (XI)

-y-, at an end where u,, zx, and zy are known.

We have, moreover, at any point between the ends

|^(F,G) = 0. and J(H.n) = 0.

The functions F, G, H, and TI are not always completely determinate from these

conditions, but any indeterminateness is easily seen to amount to no more than a rigid

body displacement.
* Of. Art. 43.
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{(I) (XII) is the only one of the twelve integrals involving displacements only.

Hence 11 is the only one of the four functions which can be determined in this

way when it is the displacements that are given at one or both of the ends.

Jn the general case when the given displacements at an end are arbitrary, there

seems to be no simple way of determining the exact conditions satisfied at that end by

the functions, other than 11, which define the permanent modes. But in the case, the

only one of practical importance, when the given end displacements are iiull, the end

conditions to which F, G, H are subject can be found approximately.

We will show that, at a fixed end.

the two lowest terras of F + F_2 + F,-, = 01

and the lowest term of —-(F + F^,) = 0.
az

"
J

Let

(1)

(2)

u.be the displacements of a transitory mode of the zaj-flexural type, so that u^, u,

contain cos co, sin «, cos w respectively as factors.

Obviously, when the displacements at an end vanish, the displacements due to such

modes, taken along with those due to the mode F, and with those of similar type in

the exact particular solution defined approximately in Art. 38 (9), (12), must vanish

independently.

We prove in the first place that if the constants A, A', A^ are such that the three

equations
A + 2A^Ua =0,

2A^V^ =0,

A'.c/a + 2A^W^ = 0,

hold, then will

A = 0, A' = 0, A^ = 0. . . . .

Consider the semi-infinite cylinder, z = to z= ao
, and the displacements

u^= - A'z/a + A + 2e « A^gU^

,

(3)

(4)

^e'aApVp, '

ti, = A'.r/a
_pz

+ 2.6 aA,3W^.

(5)

By (3), the displacements of this Iree deformation vanish at 2 = ; and the stresses

at a section where z is very great are very small. This being true for the real and
imaginary parts of (5) separately, the potential energy of each of these parts for the

semi-infinite cylinder vanishes. Hence (5) can only represent a rigid body displace-

ment, which must be null, since the end 2 = is fixed. Thus (4) follows.

Now the condition that the displacements vanish at any given section leads

(assuming for brevity that the series of transitory modes converges there), by equating
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the terms of the two lowest orders to zero, to equations of the type (3), and (l) then

follows from (4).

The cases of the functions G and H may be treated similarly.

Thus the conditions at a fixed end are, to a first approximation,

az

G + G_i = 0, |^(G + G_i) = 0,
(6)

We may add the exact condition

n + n_i = o (7)

The above argument may easily be extended so as to show that when the

displacements at the two ends are of order 0, and no force is applied except at the ends,

F, G, and 11 are in general of order- 1, and H of order 0.

Order of magnitude of tlie strains at the ends due to the neglected transitory

modes.

The approximate theory which has now been sketched gives an amply sufficient

account of the nature and magnitude of the strain at any point of the cylinder not

very close to an end. It is not difficult to make out certain definite results with

regard to the order of magnitude of the strains at the ends themselves.

Consider, e.g., the case of a rod built in at both ends, and subjected to any given

load producing za^-flexure.

As was stated at (l), and has just been explained, the particular solution defined

byF_2, F_i, etc., can be approximately balanced at the ends. The residual unbalanced

displacements, and therefore also the displacements of the balancing transitory modes,

are of an order higher by two than F or F_2. Hence the strains at the ends due to the

transitory modes are of an order higher by one only than F or F_2, and are therefore

of the same order as the chief strains due to F and F_2, viz. e^^, eyy, e,^. That the strains

at the ends due to the neglected part of the exact solution may be as important as

those given by the approximate theory is a conclusion which should not be overlooked

in any application of the theory to questions of strength.

48. Finite Cylinder. Independent investigation of the form of the asymptotic

.solution.

In Art. 38 we collected the leading terms of the solution for body force and surface

traction in an infinite cylinder. These are of course the leading terms of an exact

particular solution for the same force in a finite cylinder. In Art. 43 it was shown

that the supplementary terms required for the exact solution of any problem for a

finite cylinder are made up partly of terms of the permanent type, as in Art. 26, and

partly of transitory terms the influence of which is confined to the neighbourhood of
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certain definite sections, including the ends, supposing the radius of the cylinder to

be small.

In the present Article we give an independent investigation of the form of the

chief terms in the solution for a finite cylinder. The nature of the analysis is such

that the trnnsitory terms necessarily escape detection, but for practical purposes this is

of comparatively little consequence.

We assume that the value of each of the displacements in any solution is capable

of being arranged in a series of terms of ascending order in the radius a, the order

increasing by one from term to term. The series need not be convergent, but we

assume that similar series for the derivatives of the displacements of the first and

second orders can be found by term-wise differentiation of the series for the

displacements.

We take x = a^, y = wi, so that the cylindrical boundary is ^^ + 'y^ = 1

.

The body forces are a^X(^, »?, z), c»^Y(^, rj, z), a^Z{^, *], z), and the tractions at the

curved surface a^+^X.(^, r,, z), a''+%(^, >i, z), a^+'Z^^, r,, z).

For convenience, the value of p will be chosen so that the lowest terms in the

displacements are of order — 2 ; and in the general case when the forces specified

above are connected by no relation, it will be shown that p is zero or positive.

We shall write u, v, iv instead of u^, Uy, u^.

Then .

(1)

where w,., v,., tv^ are functions of ^, /?, z.

The body equations of equilibrium are

^d^u d'^u d^u\ ,, ,
^d /du dv div\

,
„„ r.

dx\dx dij dz

)

(2)

and the equations at the curved surface

X ( ,/9m dv dw\
,
„ 9w I y fdu dv\ „„+i^

X /9m dv\ y ( ./du dv dw\ 3" I ^^jj+iy

a \dy dxj a\ \dx dy dz) dy )

X fdu dto\ y fdv div\ ,,+i v

a \dz dxJ a \dz dy/

(3)

Now -- = -— , --„ — -„ -rr., and so on ; so that ( ,
— )Ur are of order— 1 . and

dx a 94 dx^ a 34 \dx dy^

--^ \Ur of order — 2.
dx dxdy' dy
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For brevity we write

and

/92m; dho\

V8f2+8^J

3?<
. dv\ _ 3m )

^T),{^o),

(4)

3m dv

£ fdu dv\
I

, /3« 3w\ -. dv ) „ ,

H3^ + 37) + ^lH3l+ 3-J
+ '%} "^^^^'^)'

= hi^")-^%+V '

Then the equations of equilibrium (2) and (3) may be arranged as follows :—

.a-{D,K,.„) + (XH-,)|^ + ,^^2}
^ = 0,

+

+ a-*D2(M_2
, W-2)

+ «-3{D2(^._,,._,) + (X + ;.)|^J^^

+ «-2{d2(«o, .o) + (^ + /^)9-/-^ + /.'^^

+

1 = 0,

.<.-{D>_,).(X..>i(?|..^)}

3A 3| 3^

+ . . .

= 0,

Uo,

(6)

(7)

(8)

(9)
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~ 1S2K. "0) + ^V^^^"-ij+ a
'- = 0,

+

(10)

+ a-"J^8.^{w_^) + /^g-(^M-2 + v^-2)]

+

1 = 0. (H)

We have written down the given forces at the head of the series ; but their

actual place among the other terms is as yet unknown. Obviously they cannot by

themselves be the lowest terms of the series, since the terms of every order must, in

each of the six series, separately vanish. Can they be of the same order as the next

terms of the series ; in other words, can p he — 4 ? This would imply that u_2, v_2, w^^

are given by

Di(m_2 , ^^-2) + X = 0, ) 8i(w_2 , «_2) - X. = 0, I

D2(M_2, 1^-2) + Y = 0,1 S2(«-2.'^-2)-Y. = 0, f
•

. .
(1^;

and

DsO^-a) + Z = 0, 83(w_2)-Z^ = (13)

Now (12) are simply the equations of plane strain under body forces X, Y and

surface forces X^, Y^. They have no solution, except a rigid body displacement, unless,

in the notation of Art. 38 (1), (2),

2X = 0, 2Y = 0, 2(a;Y-2/X) = 0.

Also (13) have no solution except w_2 = constant, unless

2Z = 0. .

(14)

(15)

In the general case, the conditions (14) and (15) are not fulfilled. Hence the

applied forces cannot be brought in at this point, or p is greater than — 4. Conse-

quently w_2, v_2, w_2, are given by

[W_2, V_2, W.i\.

Di(m_2 , W_2) = 0, )

= 0. )

Si(m_2 , ^-2) = 0,

D2(m_2
' ^-2) = 0, ' 8^{U-.2

. ^-2) = 0> (16)

D3(«'-2)=0. 83("'-2) = 0-
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The most general solution of these equations is

"-2 = ^-2 - V^-2 >

2' (17)

where U_2, V_2, W_2, 0_2 are independent of ^, »; and are therefore functions of z only.

We have just seen that the terms in «'* in (6), (7), (8) and those in a~^ in (9),

(10), (11) disappear. Consider now the terms succeeding these next in order.

If the forces can come in at this point, the equations for w_i, v_i, w_i will be

8i(m_i , w_i) + X$— w_2 - X^ = 0,
oz

oz
Y. = 0,

[
. (18)

8^{W-t) + 1^^ (^_2 + -qV.^) - Z. = 0.

These equations for u_-^, t;_i, w_-^ are of the same form as (12) and (13) for

w_2, ''-'-2, M^-2- The extra terms here are known from (17) and are to be counted in

along with the given applied forces.

Now it can be seen in a moment that these extra terms fulfil of themselves the

four conditions (14) and (15); for \^ds, \rids, over the boundary, vanish. Hence the

given applied forces would also need of themselves to fulfil the four conditions, and

we must conclude as before that they cannot yet be brought in, or thatp>— 3.

The equations for u_-^, v_-^, w_i are therefore (18) with X, Y, Z and X„ Y^, Z,

left out, that is,

r)i(M_i , w_J = 0,

D2(M-i , W-i) = 0'

8>_,,.;_i) + X|-^2 = o,
^

dW

and

DaO--i) = 0, 8,{w_,) + ^{i^^-^ + y,^^] = 0. .

(19)

(20)

A particular solution of (19) and (20) is

dz

dW_„

dz dz
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SO that their general solution is

dz

V_i = - a-rj—-—-2 + V_.i + |l2_j
,

rlz

>(iU_„ dY_„
, ^Tfj

dz dz

(21)

Here, as throughout the investigation, the symbols U, V, W, Q. with numerical

suffixes denote functions of z alone.

The equations for Uq, Vq, Wq are of the same form as those for u_2, v_2, w~2 and

u_i, v_i, ^t;_i. If we write X', Y', Z' and X'^, Y'^, Z/ for the applied forces which arise

from the part of the solution already determined, then

3 dw_, 3%.

dm_.
M-

and

„., .J .d2U_o dW. dW_\

dz^ dz"^

dz^ '

^d^V_

""'''^-^^'-".H'
dW_n dW

+

- z;= Mi'+v'')

dz

dz ^ dz

d^W_, ^dU. dY_,

From these

2X' = 0, 2Y' = 0, 2Z' = 7rE'

2(^Y'-^X') =!^^2.
2 dz^

d^W_
dz^

Hence the equations for n^, v^, iv^ are soluble only if 2X = and 2Y = 0.

These relations not holding, the given forces cannot be taken in at this point.

Hence

^^^..0, and 'i!S--0,
dz^ dz^

and the equations for Wo, v^, w^ are

and

D3K) = 0, 83K) + ;.(^^l+,,^l) = 0.

The solutions of these are

,d^
1^ dz^

"o = ^<^{e - v')^^i^ + ^^V-^^ - ^t-^-' + Uo - '?"o >

— crt;

dz
+ Vo + efio>^

(22)

(23)

(24)

(25)

(26)

(27)
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If we write X", Y", Z" and X/', Y/', Z/' for the applied forces which arise from

the part of the solution already obtained, then, takinii; account of (24),

7" 9 / t^^'U_2 d^Y_.d^W_-,\

From these

(28)

(29)

2X" = 0, 2Y" = 0, 2;z"

=

ttE
?2W_i

f/22

>:(|Y"-,X") = !|:^^-.
(30)

Thus, just as at (23), we must still defer the introduction of the applied forces,

and we must have
d'W_,_ dm_,_
dz^ ' dz^

I'he equations for Ui, Vi, w-^ are therefore (using ^^ + rj^=l in 4'i^i)>

(31)

(32)

and

«3W-v(«^-'^')=».

-.2 c?z dz

(33)

The solution of these is

-1 =-^V^ + ^-{r,^ - ef^' - <^rf^' + V: + ^^

,

1(34)

If we write X'", Y'", Z'" and XJ", YJ", ZJ" for the applied forces arising from the

part of the solution already obtained, and take account of (31), then

^ =<^ *">&
11+'' a?'

- x;" = x^- w^

,

-IT- /// > 9

02
(35)
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Hence, with the help of Green's Theorem, which gives I ^c?S= I ^iv-^ds, etc..

2X"' = - -IttE^'^-^
,

2Y'" = - IttE^^^
4 dz^ 4 dz'^

(36)

fZ22 '
^N. , /

2 dz^
I

Here for the first time in the process we have an undetermined function of z for

each of the three resultants and for the ^»; couple.

Two alternatives now present themselves,

(i) The given applied forces may come in at this point.

The conditions of integrability (14) and (15) then give

2X - i-7rE^5t^ = 0> 2Y - J-,rE^^2 = 0, \

'-

(37)

SZ + .E'^o.o, 2(|Y-,X) + l.,2^o.o.j

(ii) The given applied forces may not come in till later.

In this case
^^U-2 _o ^^^-2_o

dm,_^ 'i'^-.Q.
dz^ ' dz^ ' dz^ ' dz^

the forces in (3.5) will not involve U_2, V_2, Wq, Oo, nor will the corresponding forces

in the equations for u^, v^, iv^.

The terms already found involving these functions are therefore exact solutions

under no body force or traction at the cylindrical surface, as of course we know

already. We thus incidentally fall upon the permanent free modes of equilibrium

of the cylinder by a distinctly more analytical process than the semi-inverse method

by which St-Venant originally discovered them.

The choice between the alternatives (i) and (ii) is controlled by the conditions

assigned at the plane ends.

But there is practically no loss of generality in fixing at once on the alternative (i)

as we shall do here. In fact, it is easy to see that (ii) leads to the same solution as

(i), with the addition merely of undetermined permanent modes.

Seeing that the integrations in (37) are taken over the section of the cylinder

^^ + >f= 1 and the circle bounding that section, it is obviously implied that the forces

X, Y, Z are of order zero in a.

Since the equations of plane strain, and Laplace's equation, are easily solved for

a circular boundary, we could now find u^, v^, iv^ completely. And it is easy to see

that the above process can be continued indefinitely, assuming only that the

0-difi"erentiations requisite for calculating the forces at each step can be performed.

For obviously at the next step U_i, V_i, W^, and 12i will be available for the purpose of

satisfying the conditions of integrability of the equations for Wg, v^, w^ ; and

- r\ "\ ^V, ^-^will be given by these conditions ; similarly at the next step
(X2* dz dz dz"

with Uo, Vo, W2, and O2, and so on indefinitely.
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In (24), (31), (37) we have already found the equations for W_2, n_2 ; W_i, O.i

;

and U_2, V_2, Wq, Oq. In next Article a simple method will be given for determining

all the unknown functions of 2 which appear in (17), (21), (27), and (34).

49. Determination of the unknown functions of z which appear in the asymptotic

solution.

We have seen in these previous Articles that when the body forces are of order zero,

and the cylindrical surface tractions of order 1, the leading terms of an asymptotic

particular solution for these forces is given by Art. 48 (1), (17), (21), (27), (34).

The complete asymptotic solution differs from this by displacements of the type set

down in Art. 26 ; these may be of any order, so long as the conditions at the ends are

unspecified. The complete analytical solution of the problem involves besides certain

transitory perturbations which the method of analysis of last Article is incompetent

to determine.

But even although the form of these transitory perturbations is unknown, we may

fairly assume, what in the earlier part of the paper was rigorously proved, that they

fulfil the relations of Art. 45. In fact, the method of Art. 46 shows that, for a

deformation of the cylinder under no forces in the body or at the cylindrical surface,

the value of each of the integrals in Art. 45 is a rational integral function of z of degree

not higher than the third ; and for any purely local perturbation this value is obviously

very small at a section remote from the region of disturbance.

Hence the value of each of the integrals of Art. 45, as calculated from the

asymptotic solution, is exact. And it was shown in Art. 46 how the integrals can be

expressed in terms of the applied forces and of the tractions and displacements at any

assigned section. One result was written down explicitly. It may be put in the form

(IV) = l7rEa4(F + F_2 + F_, + Fo + Fi), (1)

where -T-f = 0, and the other functions are those defined in Art. 38. We will now

calculate the value of the integral (IV) from the values of u, v, w and their derivatives

as given by (17), (21), (27), (34) of Art. 48. The only terms of these which

contribute to the result are easily seen to be those belonging to the 2a:;-flexural type

of deformation. We find

(lV) = l7rEa2(U_2 + aU_i + a2Uo + a3Ui), (2)

Comparing (1) and (2), we see that a"^U_2 , a"^U_i, Uq and aUi differ from F.2,

F..1, Fq, and Fi respectively by functions of the type F, that is, rational integral

functions of z only, of the third degree.

The various functions V, W, O of Art. 48 can be found in the same way. The

functions thus obtained only diSer from those defined in Art. 38 by functions defining

permanent free modes as in Art. 26.
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50. On the convergence of the series defining the exact solutions (Arts. 6, 7, 8, 19)

J'o7' isolated forces. Preliminary.

Bach series is of the form 2'^^, and the nature of its convergence may be investi-

gated by considering the asymptotic form of t^ for m infinite. (If we can find a

function T^ such that the ratio of T,„ to t,,^ tends to unity as m tends to infinity, where

T^ has a simpler analytical form than t,,^, we say that t,„, = T,^ asymptotically, or that

t ^T ^
'^m — '-111' J

The investigation may be based on the asymptotic forms of J„,(^mo), G^(»wa), where

m, a are real and a is fixed.

It may be proved * that

J„Xtma) = 45^(«' + l)~*e'"'^
{

1 + .4-A^ +
sjiirm 24m(a2 + l)«

G„j(ma) = TT
l-"'a-\

. ,x-..-,„A \ . 1 3a2-2

where
v/227rm

:(a2+l)-ie-'»'^^ 1_
I 24m(a2+i;

A = Va2+l-log(l + Va2+l).

(If we write J = —j=f{m) , then G = —^/( — w).

)

From these

(1)

JJ{ima) _^ Jo^ + 1 1 ia

J,„(?'v«a) ia 2m a^ + 1

G.„'(i7na) _^ Ja^ -1-1 1 ia

2m o? + 1

(2)

(j„,{ima)

The latter results may easily be verified and extended by means of the differential

equation for J and G. Further, if we write /3 for ma in (l), we obtain asymptotic series

for Jm(*73), GrJi^) valid not merely when m and ^ are large in a finite ratio, but

when m? + jS^ is large, whatever the ratio of m to /3 may be.

If we write m = R cos 0, wa = R sin Q, we get

JKcosa(*R sin ^) = --^(j-J^jV^e«{l +2^(3 sin2e-2cos2^)+^ +^^
where W2(^)> "^sl^)} • • • ar© rational integral functions of sin and cos 0.

We may now find the asymptotic form of

}, (3)

l=ri^dK (p<a).
jo J,jKa

(4)

With mt for k, this becomes

But, from ( 1 ),

l = mf^Jr^dt (5)
ja J,„imat

J,Jmaf \aj \l+pH^J
e-"'T(l + e), (6)

* By a similar process to that given for J,„(ma;), where x is real, by Graf und Gubler, Einleitung in die Theorie

der Bessel'schen Fimctionen, erster Heft, Bern, 1898, S. 96.
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where
J\+^fi + \

T.^l + ..,3_,4+p'^.^ + log^-^^P^, (7)

and € is finite, and tends to zero for m infinite, for all values of t.

Hence, by the First Theorem of the Mean, (5) and (6) give

P
where e has the same properties as c.

Now, from (7),

'-^'^'n-a) iAtt^^)'-"'''*^ w

so that T is an increasing function of t, and the asymptotic value of the integral in

(8) obviously comes from very small values of t.

Following a well-known method, we change the variable from t to T.

From (7) and (9), near t = 0,

(IT 1 , ., o\. \

dt 2 ^ ^ '

T = l(a2-p-2)<^ (10)

dT Ja'-p^'

From these and (8) we find

\ay Jo Ja^-p^

Similarly

and

Consider again

\ K^^r— ^F^^- f/K = nM—^ 2^'(a^ - p2) 2 ,71 2 ''f:
(13)

h dp" ,J,Ma \ 2 J ^ '
' a™ ^ '

jo J„.^'<«

^„j rJJmp'fJJmpiGJmat
^^

/^gv

jo J,Jmat

in which we will suppose p<.a, p'<.a.

From (1),

^^ ^ "'^ ' 2m Jl + aH"^

so that

t' = jL/ 1 ],„imp't J,„impt _..

2 7" \/l + a2^2 ,]^jmat J,Jmat
"

"YV ?7i N/2a2 - p2 _ p'2 (^^j ' • • • • •
' ^ '

by the same process as was used for I.
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Consider now the series

2^ I

' '" ^P cos k{x - z')iiK {p<a). . . . . . . (17)
m Jo JjJKU

The modulus of the general term does not exceed I of (4).

Hence the series (17) converges at least as rapidly as the series

2v/m(^)"'.
m \a /

Thus (17) is absolutely and uniformly convergent within a cylinder of radius «-»?,

where >y is fixed, but as small as we please. With the help of (12) and (13) the same

may be proved of the series of term-wise derivatives of (17) of any order, with respect

to the coordinates.

Convergence of the series in the elastic problems.

The series in the elastic problems involve more complicated general terms than that

of (17) in the preceding Article, but they may be treated by a similar method.

Take as an example the solution for a unit radial force at the surface (Art. 6).

Here

<^m = ?-
I i -^r-'SJxp cos k{z -z')-fL- -—— \dK COS m ((O - w') . . .

(
I )

= _— j i —Lj±k^J iKo COS k(z -z) -^— —— \d\ - —
)

• cos m((ii - co')

T>Jo I D,„
'^

a'" 2a- J \ k/

= _—- / — ~^\ ^"' k^J,Jkp cos k{z — z) \dK. cos m{iiy — w')
tt'-llJo K dK\ D„, }

= 4-(Ii + I2) cos ?h(o) - w'), (2)

where

T, =
I

—{-^ k'^J,Jkp ) cos k{z - z')dK,

Jo K dKXT) J

T / ,v /'°°sin k(z - 2') A, 9T . ,

Jo K D

(3)

In (3) write ima for iKa{ =/3).

Then, using Art. 50 (2) in Art. 30 (l). we find

Thus, putting a = at so that k = mt, we have

Then, from (3),

K^AiT • • 1 SJ.mpf ,,,—-JJ^t/cp = —5 *" ^ (5)D 2a^ J,„imat

L = - (z - 2')— rJi«! sin {m(z-z')t} ^,
(6)



978 THE EQUILIBRIUIil OF AN ISOTROPIC ELASTIC ROD OF CIRCULAR SECTION.

Hence

where

Also

where

Iil<l3> (7)

^ 2ahn \aj Jo i \\^pH'^;

V^2-p2) 1 /pV"

m. 4a- V a J
'

\h\<\, -• • • (9)

2a2

From (2), (3), and (7), . . • (10) the absolute and uniform convergence of the

series 2'd),„ is obvious.

With respect to I2 we may get a more definite result. For if we differentiate the

second integral in (6) and note that -^.—— is a decreasing function of t (as may easily

be verified from (6), (9) of last Article), we see that that second integral in (6)

increases from 2=— 00 toz=cxD.

But its limit for 2 = co is

2 \3,nimat) t=a

Hence, as 2 goes from — 00 to^oo
,

-^ goes from -t^„( -^ )
to - ^I—j

z-z 4a2\ a J 4a-\ a /

It is easy to see that Ii vanishes for 2 = dzoo

.

Hence

di„, = + (—
) (2 - !2') COS m(o) — to')

for 2 = ±:cx) . This agrees with Art. 11 (3).
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XVIII.—The Chaetognatha of the Scottish National Antarctic Expedition of 1902-

1904. By A. Pringle Jameson, B.Sc. Communicated by Dr W. S. Bruce.

(MS. received June 21, 1913. Read July 21, 1913. Issued separately February 24, 1914.)

A considerable number of Chaetognatha were collected on the Scottish National

Antarctic Expedition of 1902-1904. Some two or three hundred tow-nettings were

examined, and about ninety yielded some of these forms. Beside the tow-netting

samples there were twelve tubes of these animals taken in the vertical net or

the trawl.

It will thus be seen that most of the material consists of tow- nettings which,

almost without exception, were taken at the surface of the water. If we accept

Dr Bruce's definition of the Antarctic Regions,"^ namely, the area to the south of the

average limit of floating ice according to the British Admiralty Ice Chart, No. 1241

{vide text-map), we may expect Antarctic forms there. Chaetognatha were taken by

the Scotia at ten stations south of this line, including only four out of the many

surface tow-nettings taken by the Scotia south of this line, whilst a fifth, although

taken in latitude 39° 48' S, (Station 468), is in close proximity to it, and actually

within the extreme limit of floating ice. The ten stations are Nos. 273, 280, 325, 346,

398, 414, 416, 422, 448, 450, and besides the eleventh above mentioned, viz. 468.

The Antarctic species are :

—

1. Sagitta gazellse (Ritter-Zahony).

2. Sagitta m,axim,a (Conant).

3. Sagitta 'planctonis (Stein ha us).

4. Eukrohnia hamata (Mobius).

5. Heterohrohnia sp. ? (Ritter-Zahony).

The catches of the vertical net and the trawl were, with one exception—namely, the

trawling made on April 29, 1904, in 39° 48' S., 2° 33' E.—taken south of 40° S. and

south of the average limit of floating ice. Thus this one catch is hardly an exception,

so that practically we may say all these catches belong to the Antarctic series. All the

other Chaetognatha captured were taken north of this line as far north as 36° N. latitude.

The tropical and sub-tropical species are :

—

1. Sagitta hexaptera (d'Orbigny).

2. Sagitta enjlata (G-rassi).

3. Sagitta serratodentata (Krohn).

4. Sagitta hipunctata (Quoy and Gaimard).

5. Sagitta rohusta (Doncaster).

6. Pterosagitta draco (Krohn).

7. Krohnitta, suhtilis (Grassi).

* " Antarctic Birds," by William S. Bruce, Knowledge, September 1, 1894, p. 208.

TRANS. ROY. SOC. EDIN., VOL. XLIX. PART IV. (NO. 18).
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Thus the collection is divided into two sections, one a general collection from the

colder waters of the South Atlantic and Antarctic Seas, the other a series of surface

tow-nettings made in tropical and sub-tropical Atlantic waters. These two sections

SOUTH(-M POLE

Liuilpolc

llnd

\ CoaXs \

\Land/\ •hVuo

JAND /
>C3t

'-..JVey^Soutli /'

<;Greemand '%

---4.«»t^cCU

^fZ2. ?32S*f'^0UTH LANDS

Circh-

xawiAp^
iroup

JEKNEYS

South Ceordu

cv>;

4S

''%^'

"J

Cliart .showing average limit of floating ice in the Atlantic Ocean and Stations to the south of which
Chiietognatha were obtained.

S = Station. D = Depth in fathoms.

prove on examination to be more than a merely convenient grouping of the methods

of capture—they form two distinct sets of species : the species which occur in the

Antarctic samples not occurring in those from the warmer seas, and those taken in

the warmer waters of the Atlantic never being found in the Antarctic collections.

Doubtless the fact that only a small number of Chsetognatha were obtained from
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these colder waters is responsible for this very sharp division, and it must also be

remembered that if collections had been made from the depths of the tropical and

sub-tropical Atlantic these would naturally have yielded cold-water forms. Yet,

despite these facts, this sharp line dividing the present collection into two distinct

groups serves as a very clear example of how great a part temperature plays in the

distribution of plankton organisms.

In the Scotia collections made south of 40° S. there are found five species of

Chsetognatha— Sagitta gazellse, Sagitta maxima, Sagitta planctonis, Evkrohnia

hamata, and possibly a species of Heterokrohnia. These are all typically cold-water

forms ; their presence in these latitudes was to be expected, and adds nothing to our

knowledge of their distribution, all these species having been found by the German

South Polar Expedition (1901-03) under very much the same conditions. Eukrohnia

fowle^^i is a type which one might have expected to meet with, but it was not present

in this collection. Sagitta hexaptera, Sagitta serratodentata, and Krohnitta subtilis

have all been reported from the seas south of 40° S., but they do not seem to be typical

Antarctic species, only occasional specimens being got. None of these was present in

the Scotia material from this area.

The remaining species, seven in number, were all taken between roughly 36° N.

lat. and 38° S. lat., and were thus living under tropical and sub-tropical conditions.

Many of the specimens were small and evidently immature, thus supporting

Gunther's view that large, mature individuals occur at some distance below the

surface, only small and mostly immature specimens being obtained from the very

uppermost layers of the sea.

No species new to science was discovered, the only noteworthy feature of the

collection being the very large size of four specimens of Sagitta gazellse. These four

specimens seem to be the largest recorded for the species, and the largest of all

is probably the largest " Arrow Worm " that has been captured up to the present

time. Detailed measurements of this specimen are given under the notes of this

species.

The difficulty of identifying Chsetognatha has within recent years been considerably

lessened by the excellent papers of Fowler and Eitter-Zahony on this class. These

have been of the greatest service, and I desire to express my great obligation to these

two authors. In selecting features for aid in identification Fowler has been followed

in his introduction to the Chsetognatha of the Biscayan Plankton (1905), where a most

helpful discussion of this difficult subject is given. As a rule, tables of measurements

and numbers of jaws and teeth have been given only when the species has not been

frequently described, or where there might be any doubt as to the identification. It

seemed to be fruitless to expand these notes unduly by including figures which had

been given frequently before, and which were quite typical and did not add to our

knowledge of the species in any way. It may be mentioned that the measurement of

length does not include the tail fin ; as this was so frequently damaged, it seemed to be
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more accurate to omit this altogether, and indeed it seems to be the custom of many

investiijators not to include this fin in their measurements.

As alcohol was the fluid in which the specimens were usually preserved, the identi-

fication has in many cases been attended by some considerable difficulty, for, as is

now well known, the only successful method of preserving Chsetognatha is by using

formalin, as alcohol causes these animals to shrink very greatly and become opaque.*

Sagitta hexaptera (d'Orbigny).

This very well-marked species was taken at fifteen stations in the warmer Atlantic

waters. It seems to be undoubtedly a tropical and sub- tropical species, as pointed out

by Ritter-Zahony (19 Ll), no specimens occurring in the Antarctic collections.

Probably the forms of this species reported from the Antarctic are to be referred in

great part to the somewhat nearly related species S. gazelle.

Horizontal distribution :
22° 19' N., 22° 07' W.-15° 54' S., 4° 59' W.

Vertical distribution : surface.

Temperature range :
72-2°-80-5° F.

Stations: 12, 13, 14, 17, 19, 36, 54, 56, 59, 60, 62, 69, 498, 501.

Sagitta gazellse (Eitter-Zahony).

This was the most abundant Antarctic form found ; over a dozen easily identified

specimens were got, and a considerable number of fragmentary or badly distorted forms

are probably to be referred to this species.

It seems somewhat strange that this species, which is well marked and apparently

abundant, should have been recorded so rarely. The species was first established by

Ritter-Zahony in 1909 from the material of the Gazelle expedition, and it was also

found very abundantly in the collections made by the German South Polar Expedition

(1901-1903). Some of the forms described by Fowler (1907) as S. hexaptera, from

the material of the British Antarctic Expedition (1901-1904), and others unnamed,

from New Zealand (Fowler, 1908), have been assigned to this species by Ritter-

Zahony (1911).

The most characteristic features of this species are undoubtedly those which sufier

most in preservation. Among the smaller forms the tail-percentage and the number of

teeth and jaws are sometimes very similar to those of young S. hexaptera, consequently

immature specimens of the two species are very likely to be confused. With larger

forms these features become extremely characteristic for both species, and all likelihood

of confusion disappears. The diagnostic features which seem to be of most assistance

in identifying the species are the following :—The tail-percentage is characteristically

low, about 12-14 per cent, for the larger specimens; the anterior fin is comparatively

* Alcohol was Ti.sed as a preserving mediniu on account of its suitability over formalin for the majority of

organisms in the plankton.—W. S. B.

1



CH^TOGNATHA OB^ THE SCOTTISH NATIONAL ANTAECTIC EXPEDITION. 983

large, very much longer in proportion than that of S. hexaptera, and almost touching

the posterior fin ; the anterior teeth are small, somewhat conical in shape, and overlap

one another, quite unlike the long divergent teeth of S. hexaptera ; the teeth are few

in number in young forms and more numerous in older ones, the reverse being true with

S. hexaptera ; the anus is situated well in front of the tail septum. In the Scotia

specimens the position of the seminal vesicles is a little different from that described

by Ritter-Zahony ; they hardly extend as far forward as the posterior fin, and the tail

fin is only slightly removed from them.

Some of the specimens in this collection are noteworthy on account of their very

large size ; indeed, one of them seems to be the largest "Arrow Worm" that has been

taken up to the present time. Five specimens were over 70 ram. in length, the largest

of all being no less than 90 mm. long. Some measurement of this relatively enormous

animal may help to give an idea of its size. The length exclusive of the tail fin is

88 mm., the tail fin being at least 2 mm. long, but as it is damaged rather badly it was

very probably somewhat longer than this. In any case the total length of the animal

is certainly not less than 90 mm. The tail portion, exclusive of the fin, is 11 mm.

The size of the head is of little importance, as this varies so much according to the

state of contraction, but it may be mentioned that in this specimen the head is 4 mm.

long and 6 mm. broad. The broadest part of the body is 8 mm. in width, and this

point is in the region of the ventral ganglion, 22 mm. from the tip of the head. From

this point the body tapers gradually towards the tail and somewhat more abruptly

towards the head, the body being .'} mm. in width at the tail septum and 4 '5 mm. at

Length.
Tail-

Jaws. Ant. Teeth. Post. Teeth.
percentage.

88 12-5 5 5 ?

80 12-5 6 7 9

79 12-6 6 5 ?

78 12'9 5 7 9

72 12-5 6 7 5 +
65 11-5 6 9 10

60 14 5 8 9

59 13 5-f- 54- 1

58 1 15-5 7 7 11

51 13 8 5 9

50 14 8 8 9

47 12-8 7 7 9

42 13 7 4 8

40 12 10 6 9.

33 15 7 4 5

the neck. The anterior fin commences 5 mm. behind the posterior end of the ventral

cranglion—the ganglion itself is 2 mm. long—and extends backwards for about 29 mm.
;

there is a space of about 5 mm. between the anterior and the posterior fins ; the

posterior fin is about 17 mm, long, and lies almost entirely on the trunk portion of the
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body, there being only 3 mm. of the fin on the tail. As the fins are rather badly

damaged it is impossible to be quite certain of the accuracy of these measurements, and

no idea of the breadth of the fins can be formed. The jaws are 3 mm. long. The

reproductive organs are prominent, but they do not seem to be quite mature ; the

ovaries extend forward for a length of 16 mm.

Horizontal distribution: 39° 48' S., 2° 33' E. (depth 2772 fathoms), Station 468.

71° 22' S., 18° 15' W. (depth 2370 fathoms), Station 416.

Vertical distribution : surface (3 fathoms)—2772 fathoms.

Temperature range: 31°-41°'8 F. (only 3 records).

Most of the specimens were obtained from deep water ranging in depth from

600-2772 fathoms. In Scotia Bay, South Orkneys, Station 325, one medium-sized

specimen was obtained in a tow-net at 3-10 fathoms; while on Burdwood Bank,

Station 346, another medium-sized specimen was obtained from 56 fathoms. These

are the only "surface-water" records ; all the rest, as far as data are given, are from

deep water, and with one exception were from south of 50° S.

Sagitta maxima (Conant).

Two specimens which seem to be referable to this species were obtained, one in the

trawl, the other in a vertical net. The tail-percentage and the number of jaws are a

little lower than those usually given for this species, but otherwise these two specimens

agree very closely with the descriptions of S. maxima. The somewhat widely

separated, slightly curved anterior teeth, the prominent vestibular ridge with large

mammiform papillse, the fins without fin rays in the inner portions, and the very

considerable distance between the anus and the tail septum, all seem to be minor

features which taken together are characteristic of the species and help considerably

in its identification.

Length.
Tail-

percentage.
Jaws. Ant. Teeth. Post. Teeth.

53

39

18

21

5

5 6

6

7

The vertical plankton-net haul was made at Station 414, 71° 50' S., 23° 30' W., and

the net was lowered to a depth of 1000 fathoms and raised to the surface. The

dredged specimen was obtained from Station 450, 48° 00' S., 9° 50' W., at a depth of

1332 fathoms.

Sagitta enjiata (Grassi).

This very typical tropical and sub-tropical species was obtained from twenty-nine

stations distributed over the warmer parts of the Atlantic. It was rather interesting
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to note that, although this animal has a very delicate and rather flaccid body, it seems

to suffer from the effects of preserving fluids less than most of the Chsetognatha.

The specimens were all very typical and call for no comment.

Horizontal distribution :
26° 23' N., 20° 20' W.-30° 5' S., 45° 28' W.

Vertical distribution : surface.

Temperature range : 72°-81"5°F.

Stations: 7, 12, 15, 18, 19, 21, 25, 26, 27, 29, 32, 33, 35, 36, 37, 39, 44, 46, 47,

64, 66, 73, 86, 93, 506, 515, 525, 526.

Sagitta serratodentata (Krohn).

The above widely distributed and well-marked species was found in fifty-nine tow-

nettings. It was thus present in more samples than any other species, and, in

addition, it was very frequently more abundant than the other species in the haul

;

indeed, the only species which was ever as numerous as this was S. hipunctata, but

this last was only occasionally obtained in considerable numbers, so that on the whole

S. ser7xitodentata was the form most typically found in the surface tow-nettings.

It is to be noted, however, that no specimens of this species were taken south of 40° S.,

although it has been found by other expeditions as far south as Magellan Straits and

the Falkland Islands.

Horizontal distribution :
26° 23' N., 20° 20' W.-38° 6' S., 14° 32' E.

Vertical distribution : surface.

Temperature range : 64'9°-8r5° F.

Stations: 7, 11, 12, 13, 14, 15, 17, 18, 19, 20, 21, 22, 25, 26, 27, 28, 29, 31, 32,

33, 35, 36, 37, 38, 39, 41, 44, 46, 47, 49, 54, 55, 56, 58, 59, 60, 61, 62, 63, 64, 71,

87, 88, 90, 93, 94, 95, 473, 476, 498, 501, 502, 504, 506, 515, 519, 524, 526, 529.

Sagitta hipunctata (Quoy and Gaimard).

This common species was fairly frequently met with, having been found in fifty-four

samples. On one occasion only was it taken in very considerable numbers ; this was

at a point eight miles from Cape Peninsula, South Africa, where a surface haul of

some ten minutes' duration captured several hundred specimens. As a rule,

however, the specimens taken in any individual haul were not numerous, and were

rather small in size. It has been found impossible to determine exactly what stations

might be called coastwise, so that this collection can throw but little light on the

question put forward by Steinhaus (1896) as to whether this is mainly a neritic form

or not. Sagitta hipunctata seems certainly to be found under oceanic conditions ; but

it may be noted that in the only haul mentioned as being taken very near land—the

one above—this species appeared to the exclusion of all others, and the specimens

captured were larger than most of those taken at other stations. As far as can be

judged, also, the members of this species caught on the high seas were usually rather

small in size and immature.
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Horizontal distribution :
36° 5' N., 30° 50' W.-34° 43' S., 17° 15' E.

Vertical distribution : surface.

Temperature range :
61-3°-81-5° F.

Stations: 7, 8, 13, 17, 18, 20, 21, 22, 25, 26, 27, 28, 30, 31, 35, 37, 38, 39, 41,

42, 44, 47, 49, 59, 65, 66, 69, 70, 72, 82, 85, 86, 87, 90, 91, 93, 94, 95, 476, 477,

498, 501, 502, 506, 510, 511, 515, 522, 524, 525, 526, 529, 533, 540.

Sagitta robusta (Doncaster).

Considerable difficulty was experienced in identifying this species, and even yet

the results do not seem to be quite satisfactory, for young forms of Sagitta robusta

are rather liable to be confused with Sagitta bipunctata. on account of a certain

correspondence between the tail-percentages and the numbers of the jaws and teeth

of these two species. This confusion, of course, does not arise when the specimens are

in good order, and when all the features are clearly seen ; but damaged and strongly

contracted specimens of S. robusta are frequently very like S. bipunctata, and require

some care in determination. The features on which I have relied for the identifica-

tion of this species have been the small number of the jaws, never more than seven

—Ritter-Zahony (1911) in his monograph admits species with eight jaws, but under

the circumstances I have thought it best to fix seven as the typical number ; the

presence of a distinct collarette ; and an opaque body, all the parts of which, including

the teeth and the jaws, are of a stout build. An important feature would seem to be

the position of the seminal vesicles near or touching the posterior fins, but unfortunately

seminal vesicles were not observed in any of the specimens.

Length.
Tail-

percentage.
Jaws. Aut. Teeth. Post. Teeth.

1 14
1.3 -5

12

11

8

?

26
25

27

28

7

7

7

7

7

8

7

6 or 7

7

6

12

? 10

12

12

13

Horizontal distribution :
32° 11' N., 34° 10' W.-23° 8' S., 39° 40' W.

- Vertical distribution : surface.

Temperature range : 74°-8r5° F.

Stations : 15, 18, 19, 26, 29, 33, 39, 60, 73, 85, 526, 538.

It may be noted that S. robusta is said to have a smaller temperature range than

S. bipunctata, or at all events that it does not range so far to the north and south.

So far as my results go they bear out this statement.
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Sagitta planctonis (Steinhaus).

Three specimens, taken at one station in the Antarctic Ocean, are probably to be

referred to this species. The tail-percentage and the numbers of the teeth and jaws

agree with those given by Ritter-Zahony, and the general habit—the stiff opaque

body—seems to be the same. A very characteristic feature of these specimens is the

size and arrangement of the anterior teeth : these are long towards the inner end and

considerably shorter towards the outer end of each row ; they do not overlap, but each

tooth is distinctly seen in every part ; these features are all admirably seen in a figure

given by Ritter-Zahony (1911). As the specimens are small and young, the collarette

is only slightly developed.

Length.
Tail-

percentage.
Jaws. Ant. Teeth. Post. Teeth.

12

8

25

25

9

10

5

4

10

8

This species is given by Fowler (1906) as a tropical surface form, but it was

repeatedly taken in the Antarctic on the German South Polar Expedition, even as far

south as 66° S. (Ritter-Zahony, 191 1), so that its occurrence in the Scotia Antarctic

collections is not an isolated case. Its furthest south range is, however, extended by

about three degrees.

Station : 280, 68° 40' S., 30° 18' W. Between surface and 500 fathoms.

Temperature : 32-65° F.

Pterosagitta draco (Krohn).

Only a few specimens of this apparently common and typical tropical and sub-

tropical form were obtained at seven stations. This scarcity is probably due to the

fact that P. draco does not commonly occur at the very surface of the sea, but usually

at some little depth. This point would seem to be in agreement with the results of the

German South Polar Expedition (Ritter-Zahony, 1911), where this species was got

only twice in the surface tow-nets, whereas it frequently occurred in the vertical nets.

Horizontal distribution :
26° 23' N., 20° 20' W.-38° 6' S., 14° 32' E.

Vertical distribution : surface.

Temperature range :
64'9°-78-6° F.

Stations: 7, 11, 12, 14, 26, 56, 473.

Euhrohnia hamata (Mobius).

It might have been expected that this form would have been taken very frequently

in the higher latitudes, but, strange to say, it has been found in only six samples. The

specimens found were in every way typical.

TRANS. ROY. SOC. EDIN., VOL. XLIX. PART IV. (NO. 18). 135
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Horizontal distribution :
49° 25' S., 9° 21' W.-69° 22' S., 26° 36' W.

Vertical distribution : 800 fatlioms-surface.

Temperature range :
28 -g^-SQ" F.

Stations : 273, 280, 448, 325 (2) vertical net 23/3/04, 422.

? Heterokrohnia sp. (Ritter-Zahony).

A single specimen taken in a vertical -net haul might possibly belong to this genus

;

the state of preservation, however, will not admit of any certain determination.

The body is slender and firm. Transverse muscles are developed both in the trunk

and in the tail. The lateral fins are almost totally destroyed, but there does not seem

to have been more than one pair. The tail fin is also much damaged, but it appears

to have been somewhat rounded and is very full of fin-rays. The percentage of tail

to body length is probably about 2 5 '6; the lowest percentage given by Rittek-

Zahony (1911) is 32-3. The head is not well expanded, so that the teeth and anterior

portion are not well seen. There are certainly not fewer than 14 posterior teeth.

There are at least 11 jaws, rather long, slender, and knife-like, and only slightly curved,

in general somewhat like a scythe blade.

On the whole, these features are those given by Ritter-Zahony in his diagnosis of

this new genus Heterokrohnia. Indeed, the presence of transverse muscles in both

trunk and tail would seem to be enough to determine the genus. It is, however,

impossible to determine the species. The only species described is H. mirahilis,

characterised by a high tail-percentage, and very numerous anterior and posterior

teeth. This specimen does not show these features clearly enough to warrant any

statement being made as to the species.

Length.
Tail-

percentage.
Jaws. Ant. Teeth. Post. Teeth.

22-5 25-6 11 1 1 14

Taken in a vertical net on February 29, 1904, at Station 398, 68° 25' S.,

27° 10' W. Surface temperature 30° F., and temperature at 1000 fathoms probably

about 32° F.

Krohnitta suhtilis (Grassi).

_
Specimens of this species were not abundant ; it was found in only seven samples,

and there only in small numbers. The explanation of this apparent rarity is probably

to be found in the fact, pointed out by Fowler (1906), that this is a species which has

its habitat in cooler waters of the " lower epiplankton and upper mesoplankton,"

seeming to avoid "the warmer surface water." One would naturally expect that such

a form would be taken only rarely in surface tow-nettings. Further, the specimens

obtained were all very evidently young forms, the largest being 5 "5 mm. in length.

1
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Fowler (1906) gives the most southerly point at which K. subtilis had been taken

in the Atlantic up to that date as 25° 39' S., 36° 51' W., but since then Ritter-

Zahony (1911) reports one specimen taken as far south as 60° S. ; the furthest south

record for the Scotia collection is 30° 25' S., 45° 45' W.

Horizontal distribution :
23° 50' N., 21° 34' W.-30° 25' S., 45° 45' W.

Vertical distribution : surface.

Temperature range :
73°-81° F.

Stations: 11, 17, 32, 33, 38, 94, 519.
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XIX. — Foraminifera of the Scottish National Antarctic Expedition. By F. Gordon

Pearcey, Bristol Museum ; late of the Challenger Expedition and Commission.

Communicated hy Dr J. H. Harvey Pirie. (With Two Plates.)

(Read May 26, 1913. MS. received Augiist 2, 1913. Issued separately March 30, 1914.)

The fauna of the Polar regions is of deep interest to zoologists generally, that of

the Antarctic specially so, and in this the Rhizopodist can justly claim his share.

Since the return of the Challenger Expedition in 1876, the later British expeditions

to this area, with the exception of the Scottish National Antarctic Expedition, did but

little in the way of sounding and trawling in the deeper waters of the Antarctic.

Although much additional work has been carried out, and many new and rare species of

the higher forms of marine life from this region have been brought to light, compara-

tively little has been added to the Rhizopod fauna since the results of the Challenger

Expedition were published. The following pages on the Foraminifera are due to the

energy and enthusiasm of Dr W. S. Bruce, F.R.S.E., and his colleagues. The genera

and species here enumerated and described have been obtained from samples of deposits

sent to me at intervals by Dr Bruce and Dr J. H. Harvey Pirie, collected by them,

during the S.Y. Scotia Expedition in 1903-4, chiefly from the area of the Weddell Sea,

where the ocean floor is covered with terrigenous deposits of Blue Mud, or (as Dr Pirie

calls them) Glacial Muds and Clays. A few samples were also obtained from the

Southern Atlantic Ocean, over the areas where the deposits form the typical Globigerina

and Diatom Oozes. With the exception of two or three samples of washings of the

material taken by the trawl, the quantity available for examination was too meagre

to enable one to tabulate a comprehensive distribution chart, or a complete list of

the various genera and species that one might expect to find at the stations from

which the samples were obtained. These samples, however, pointed to there being a

rich Foraminiferal fauna.

Whenever the trawl or dredge was worked and a sufficient quantity of the deposit

was brought up and washed, a considerable number of Foraminifera was obtained,

more especially of the larger arenaceous types, which goes to prove that the Fora-

miniferal fauna is rich all over the Blue Mud area, and that the conditions of life

are congenial on these deposits—close up to the Antarctic Continent. It has also

been shown that similar conditions prevail in the Arctic seas and North Atlantic.

More systematic work with the trawl, dredge, and sounding machine, and a larger

quantity of material for examination, are necessary before one can speak definitely on

the forms to be met with in any part of the area in question, or on any specially
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defined deposit, except in the case of tbe pelagic species, which are known to diminish

in size and numbers the farther south research is made. It is to the bottom-

living forms we must specially look, to furnish us with definite information on the

important questions relating to the geographical distribution of the Foraminifera. From

present information, however, it would appear, with the exception of two or three

genera and species, that the Foraminiferal fauna of both polar regions is strikingly

similar—a fact which is probably connected with the generally uniform conditions of

temperature extending over the bottom of the deep sea from pole to pole.

List of Stations at ivhich Foraminifera were obtained from the Deposits,

with their Position, Depth, and Nature of the Bottom.

Station. Latitude. Longitude.
Depth in

Fathoms.
Bottom.

No. of

Deposit.

118
Stanley

Falklanc

Harbour,

1 Islands n Blue mud 2

286 68 11 S. 34 17 W. 2488 Glacial clay 13

291 67 33 S. 36 35 W. 2500 ,, mud or clay and boulders 14a

295 66 40 S. 40 35 W. 2425 „ clay 15

300 65 29 S. 44 06 W. 2500 '7 ) J
16

301 64 48 S. 44 26 W. 2485 ,, mud and boulders 17

313 62 10 S. 41 20 W. 1775 ,, „ or sand 21

337a 59 46 S. 48 02 W. 2110 ,, mud— Diatom ooze 26a

338 59 23 S. 49 08 W. 2180 Diatom ooze—volcanic sand 26?*

342 56 54 S. 56 24 W. 1946 Globigerina ooze 28

346 54 25 S. 57 32 W. 56 );
29

Burdwood Bank
387 65 59 S. 33 06 W- 2625 Glacial clay 30

416 71 22 S. 18 15 W. 2370 ,, mud or clay 37

417 71 22 S. 16 34 W. 1410 ,, ,, and stones 38

418 71 32 S. 17 15 W. 1221 „ ,, and rocks 39

420 69 33 S. 15 19 W. 2620 >) T 40

421 68 32 S. 10 52 W. 2487 clay 41

438 56 58 S. 10 03 W. 2518 Diatom ooze—volcanic sand 45

447 51 07 S. 9 31 W. 2103 )j
46

45] 48 06 S. 10 05 W. 1742 Diatom-Grlobigerina ooze 47

459 41 30 S. 9 55 W. 1998 Globigerina ooze 49

467 40 08 S. 1 50 E. 2645 J)
50

468 39 48 S.

18 24 S.

2 33 E.

37° 58 W.

circa 2645*
)>

51

81 36 Coral rock and sand 1

Abrolhos Bank

The examination of the Scotia deposits with regard to Foraminifera goes to prove,

as did the Challenger work, that Foraminifera are more abundant and attain a higher

development in size, especially the arenaceous forms, the nearer we approach the

slopes of continental land between depths of 500 and 1000 fathoms, even though the

* This sample wa.s taken by the trawl between two soundings, viz. that at Station 467 and that at Station 469,

tlie latter depth being 2900 fathoms, in 39° 27' S., 5° 50' E. The probable depth is therefore about 2700 fathoms.

1
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temperature be below 40° F. Such results were found over the Glacial Clay area in

the Weddell Sea (see Scotia Station 420, where a fair sample of the deposit was

obtained). This high development and abundance of individual species is probably

due to vegetable and other organic material deposited m these areas, where the pelagic

life, both animal and vegetable, accumulates in vast quantities.

Those few samples of the deposits obtained by the Scotia Expedition which

I have examined for Foraminifera have enabled me to identify no less than 267

species ; 1 1 of these are new, and are described and figured in this report. It is

worthy of note that no less than 107 of them have been recorded from the warm

and cold areas of the Faroe Channel in the North Atlantic.

In the systematic list I have thought it advisable, for the advantage of future workers

in this comparatively unknown region, to deoote briefly where each species has hitherto

been recorded, with its range of depth. I find as a result of my examination that the

Foraminiferal fauna of the Antarctic is richer south of 70° than north of it, and it

appears to me that a line of demarcation should be drawn at this point, although

the deposits are of a similar composition. This line will probably be found to apply

in a like manner to the higher forms of marine life.

The classification adopted in this paper is that of Mr J. A. Cushman as far as he

has published a scheme, i.e. for the Astrorhizidse, Lituolidse, and Textulariidse, and

that of the late Dr H. B. Brady for the remaining families.

SYSTEMATIC LIST, WITH NOTES ON DISTRIBUTION, AND
DESCRIPTIONS OF NEW SPECIES.

Family MILIOLIDM.

Sub-family NUBECUL ARIN^E.

Genus NuBECULARiA, Defrance.

Nubecularia hradyi, Millet.

Obtained in fair numbers at Station 346, 56 fathoms. This irregular, wild-growing

variety has its natural habitat in the shallow, warmer waters of the tropical and sub-

tropical seas ; it was, however, taken by the Challenger Expedition as far south as off

Kerguelen, in 20 to 60 fathoms.

Sub-family MILIOLININiE.

Genus Biloculina, d'Orbigny.

Biloculina elongato, d'Orbigny.

This cosmopolitan species was obtained (few) at three stations, 346, 459, and 467.
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Biloculina ringens (Lamarck).

Found (rare) at three stations, 346, 420, and 459. It occurs in all seas and at

all depths.

Biloculina depressa, d'Orbigny.

Taken sparingly at six stations, 342, 420, 447, 459, 467, and 468. It has a world-

wide distribution and a great bathymetrical range.

Biloculina serrata, H. B. Brady.

This characteristic species has been found in material from two stations, 342

and 459 (rare).

Biloculina viurrhyna, Schwager.

This species was also taken (rare) at Stations 342 and 459. Both this and the pre-

ceding species are characteristic of a Globigerina ooze-deposit.

Biloculina tubulosa, Costa.

A few specimens of this species were obtained from Station 459, 1998 fathoms.

Genus Spiroloculina, d'Orbigny.

Spiroloculina tenuis (Czjzek).

Taken (rare) in the Scotia material at Station 459, 1998 fathoms.

Spiroloculina limbata, d'Orbigny.

Obtained at Station 342, 1946 fathoms.

Genus Miliolina, Williamson.

Miliolina dentistoma, sp. nov. (Plate II. figs. 17-19.)

Test triloculine, broad, compressed
;
peripheral margins thick and rounded ; visible

chambers, three or four ; the last chamber appears always imperfectly formed, with a

deep transverse suture.

Aperture a wide, irregularly curved fissure, with a thick lip-like margin from which

rise one or more short tooth-like projections. Two strong, prominent teeth situated a

short distance inside the mouth, at the base of the apical opening, are not observable

in a lateral aspect (see figs. 17-18, Plate II.).

Chamber walls smooth, and glazed externally, at times wavy. The length of the

figured specimen is about 3^ inch (0"95 mm.).

Miliolina dentistoma was obtained in moderate numbers at Station 346, 56 fathoms.

Miliolina venusta (Karrer).

This distinct variety was found at five stations, 342, 346, 447, 459, and 467 (few or

rare). Miliolina venusta is essentially a deep-sea form ; so far as I am aware, it has
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hitherto only been recorded from the Pacific Ocean ; its range of depth being from

56 {Scotia Station 346) to 2700 fathoms.

Miliolina circularis (Bornemann).

A few specimens were found at Station 420, 2620 fathoms. These were all of

normal character, and showed no signs of their tests being diminished in thickness, as

might be expected at such a depth, where the deposit gave such a low percentage

of CaCOg.

Miliolina ohlonga (Montagu).

Obtained sparingly at Stations 346 and 459.

Miliolina hucculenta, H. B. Brady.

This doubtful Triloculine form was found at three stations, 291, 313, and 420, but

was not common. This species is hitherto known only from the Arctic Seas and

North Atlantic, so far as I am aware. I have found it moderately common in the

Faroe Channel in 630 fathoms. It is therefore of interest to find it fairly well dis-

tributed in the Weddell Sea.

Miliolina hucculenta, var. placentiformis, H. B. Brady.

This variety I obtained (rare) in the material from Station 420, 2620 fathoms.

Brady records it in his report on the Challenger Foraminifera from two widely

separate localities—off" Culebra Island, West Indies, 390 fathoms ; and Balfour Bay,

Kerguelen, 20 to 50 fathoms.

Miliolina seminulum (Linne).

This, the most common species of the genus Miliolina, has been found in all

localities from the most extreme point in the Arctic Seas to as far south as the edge

of the Antarctic ice, and from the tidal zone down to 3000 fathoms. It was,

however, obtained only at one Scotia station, viz. 346, 56 fathoms.

MiliolinaJichteliana (d'Orbigny).

Obtained very sparingly at Station 468, 2645 fathoms.

Miliolina trigonula (Lamarck).

Taken at Station 346, 56 fathoms (rare).

Miliolina terquemiana, H. B. Brady.

This triangular striated form, which is very rare, was obtained from the material

taken at Station 346, 56 fathoms ; the only other known localities for this species are

from shallow water off" Ceylon, and in littoral sand on the east coast of Madagascar.
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MilioHna Jerussacii (d'Orbigny ).

Also obtained at Scotia Station 346.

Miliolina tricarinata (d'Orbigny). ,

This cosmopolitan form was taken also at Station 346.

Sub-family HAUERINlNiE.

Genus Articulina, d'Orbigny.

Articulina funalis , H. B. Brady.

This beautiful striate cylindrical species, in its typical form, was obtained (few) in

the Scotia material from Station 346. It is one of the commonest southern and

Antarctic shallow-water Foraminifera ; its other known localities are off Kerguelen,

20 to 120 fathoms, and in Humboldt Bay, Papua, 37 fathoms, where it was taken

by the Challenger Expedition in fair quantities.

Genus Planispirina, Seguenza.

Planispirina contraria (d'Orbigny).

Obtained (rare) at Station 346. This species has a wide distribution, and a range

of depth from 40 to 2100 fathoms. I have collected this species off the Shetland

Islands, among the Hebrides, and in the Faroe Channel.

Sub-family PENEROPLIDIN^.

Genus Cornuspira, Schultze.

Cornuspira involvens, Reuss.

Taken (rare) at Station 346, 56 fathoms. It has previously been taken in the

North and South Atlantic, North and South Pacific, and as far north as 83° 19' N.,

ranging in depth from 7 to 1900 fathoms.

Cornuspira foliacea (Philippi).

Obtained (rare) at Station 346. This species has a wide distribution, but attains

its fullest development in the North Atlantic and Arctic Sea. I believe the Scotia

record to be the farthest south that this species has been found.

Sub-family KERAMOSPHiERIN^.

Genus Keramosph^ra, H. B. Brady.

Keramosphasra murrayi, H. B. Brady.

This exceedingly rare species, figured and described by the late Dr H. B. Brady,

represents perhaps one of the most interesting living Foraminifera, both in form and

structure. Keramosphxra murrayi is peculiar to the Antarctic Ocean ; it was obtained
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by the naturalists of the Challenger Expedition in lat. 53° 55' S., long. 108° 35' E., 1950

fathoms, in the Diatom ooze area ; but only five specimens were found after examination

of a large mass of the ooze, three of these being found after publication of the

Challenger Report. It is therefore of interest to have obtained a perfect specimen

among the material from Station 420, 2620 fathoms, in the Weddell Sea, outside the

diatomaceous zone, in a terrigenous deposit of glacial mud containing but a trace of

carbonate of lime ; while it is worthy of note that 19*29 per cent of carbonate of lime

was found in the Diatom ooze at the Challenger station (157) in which the Keramo-

sphsera was first discovered.

Family ASTRORHIZIDM

Sub-family ASTROEHIZIN^.

Genus Astrorhiza, Sandahl,

Astrorhiza crassatina, H. B. Brady.

The Scotia specimens were obtained from the washings of trawled material, and

reached me more or less damaged. Had they been placed in spirit when first taken, the

general character and structure of the whole organism might have been studied, as they

were present in fair quantity at Station 291.

Distributio7i.—Station 291, glacial mud, 2500 fathoms, common; Station 295,

glacial mud, 2425 fathoms, few ; Station 313, glacial mud, 1775 fathoms, rare. It

has also been recorded from four stations in the North Pacific : near Japan, in 36 to

943 fathoms; off James Island, Galapagos, in 885 fathoms, from a Globigerina ooze;

and from the Faroe Channel, by the Porcupine, at a depth of 640 fathoms.

Astrorhiza arenaria, Norman.

This interesting species was obtained by the Scotia, both in the character of

branching cervicorn masses and the stellate form, at Station 291, 2500 fathoms, glacial

mud, and Station 420, 2620 fathoms, glacial mud. It has been recorded from the

Faroe Channel by H. B. Brady and by myself at several points, ranging in depth

from 530 to 650 fathoms ; also from the coast of Norway (M. and G. 0. Sars) ; from

Kars Fjord, 180 fathoms (Norman) ; and at the Challenger Station 142, off the Cape

of Good Hope, 150 fathoms.

Genus Syringammina, H. B. Brady.

Syringammina minuta, sp. nov. (Plate II. figs. 1-2.)

Test adherent, consisting of a broad oval mass of branching tubes radiating from a

common centre, and arranged in the form of a network. Walls arenaceous, made up of

practically uniform fine grains of sand with a small amount of inorganic cement.
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Apertures minute, situated at the peripheral ends, closed in by very fine argillaceous

material. Colour, light gray with a yellowish tint. Diameter, one-sixth of an inch

(4 mm.).

The general contour and minute character of the test of this species are, with the

exception of the size of the arenaceous particles of which the walls of the test are built

up, similar to S. fragilissima (Brady).

Two specimens of Syringammina minuta were obtained from Station 420, 2620

fathoms, one being badly damaged owing to the excessively fragile nature of the test,

which consists of a network of branching tubes more or less contorted and irregularly

disposed (fig. 2). These are generally filled with dark olive or yellowish-green granu-

lated sarcode similar to that found in the tests of the larger arenaceous Foraminifera.

The external diameter of the tubes varies somewhat, with a maximum of ^^ inch

(0'5 mm.). Their external surface is fairly smooth; the interior is quite smooth and

well finished. The walls are very thin, averaging about 3-^ inch (0"08 mm.).

It is worthy of note that similar arenaceous forms were collected by the Challenger

at a depth of 1000 fathoms off the Azores, but they were so fragile that, in washing the

mud through sieves, they were broken to fragments and lost sight of, their character at

that time not being known. Careful searching and preservation in future deep-sea

dredging and trawling will probably bring additional specimens to light for further

investigation.

Genus Rhabdammina, M. Sars.

Rhabdammina discreta, H. B. Brady.

Fine, well-developed specimens, in their typical form, were obtained in plenty at

Station 420, 2620 fathoms, glacial mud; and a few at Station 468, 2700 fathoms,

Globigerina ooze. This species has a wide range of distribution, having been recorded

from the North and South Atlantic, from the North, South, and Western Pacific, in

depths of from 350 to 2475 fathoms ; off Kerguelen, 120 fathoms ; and off the coa.st

of Greenland, at a depth of 20 fathoms.

Rhabdammina cornuta, H. B. Brady.

This species was represented very rarely in the material examined from Station 420,

2620 fathoms.

Rhabdammina abyssorum, M. Sars.

This interesting species, in the typical form bearing the three radiating arms, with

the walls of the test coarsely built exteriorly, and of a darkish blue-grey colour, was

obtained at Stations 313, 337a, and 417—more abundant at 337a than at the other two.

It has a world-wide distribution, and is found off" the coast of Spitsbergen in great

quantities ; its range of depth is from 71 to 2439 fathoms.

1
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Genus Marsipella, Norman.

Marsipella cylindrica, H. B. Brady.

Fragmentary portions of both the straight and the curved tests of this species were

obtained amongst the material from Station 342, 1946 fathoms, in a deposit of

Globigerina ooze. They are of a more robust character than the type specimen. This

species has been recorded from the Faroe Channel, both in the warm and in the cold

area, in 530 to 640 fathoms; in the South Atlantic, 1900 fathoms; South Pacific, 210

fathoms; North Pacific, 139 to 1875 fathoms; and ofi" Juan Fernandez, in 1375

fathoms.

Genus Bathysiphon, G. 0. Sars.

Bathysiplion Jiliformis, G. 0. Sars.

Obtained at Stations 301, 418, and 420, but nowhere abundant. The Scotia

specimens, for the most part, show a considerable number of mineral particles built into

the outer portion of the walls of the tests, giving them a more robust appearance than

that of the type. This is due, doubtless, to the nature of the glacial deposit on which

they were taken. Before the volume on the Challenger Foraminifera was published,

Bathysiphon was looked upon as an exclusively northern type ; it is therefore of

interest to have found it so far south. Since the Challenger publication it has been

recorded from six localities in the North Pacific, in depths from 617 to 1201 fathoms.

It was taken for the first time in considerable abundance by G. 0. Sars in the

Hardanger Fjord, and occurs in deep water in the Bay of Biscay ; off" Banda, Amboyna,

in 1425 fathoms ; and in the warm area of the Faroe Channel, 570 fathoms.

Genus Rhizammina, H. B. Brady.

Rhizammina indivisa, H. B. Brady.

Represented in the Scotia material by three specimens and a few fragments from

Station 420, 2620 fathoms. Known from six stations in the North Pacific (Cqshman),

210 to 2086 fathoms ; off" the Cape of Good Hope (Brady), 150 fathoms ; and from the

Faroe Channel (Brady and Pearcey), 540 fathoms.

Rhizammina algaeformis, H. B. Brady.

This peculiar wild-growing species was obtained in a fragmentary condition, but

typical in structure (dichotomously branching fiexible tubes) at Stations 338 and 447,

both Diatom ooze. The species is so delicate in construction that it is almost impossible

to preserve it intact in a dry condition. This is the most southern record for the species.

Distribution.—South Pacific, off" Fiji, in 210 fathoms ; close to the equator, in 2425

fathoms ; in abundance between Juan Fernandez and the coast of Chili, 2160 fathoms

(Brady). North Pacific, five stations, 1875 to 2900 fathoms (Cushman).
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Sub-family SACCAMMININiE.

Genus Psammosph^ra, F. E. Schulze.

Psammosphdera fusca, F. E. Schulze.

This would appear to be one of the commonest species of the Antarctic Seas, being

obtained by the Scotia at no less than nine stations, 286, 313, 337a, 342, 416, 417,

418, 420, and 468. It attains a larger size and is more abundant in the far south

stations on glacial deposits than in the G-lobigerina oozes. Psammosphmra fusca has a

very wide distribution. It has been taken in shallow water off the coast of Norway

(120 fathoms), and in 40 to 60 fathoms off Loch Scavaig, Skye ; but its natural habitat is

evidently the abyssal depths of the great oceans, where it attains its highest development,

being known from several stations in the North Pacific, 1495 to 3026 fathoms; seven

stations in the South Atlantic, 150 to 2800 fathoms; and ten stations in the North

Atlantic, 440 to 2750 fathoms.

Genus Sorosph^ra, H. B. Brady,

Sorosphasra confusa, H. B. Brady.

Several specimens of this colony-building form were obtained at Station 420. Hitherto

it has been recorded from the Rockall Bank, 630 fathoms ; off the Azores, 900 fathoms
;

the Faroe Channel, 542 fathoms ; and the middle of the North Pacific, 2900 fathoms.

It is therefore a wide extension of its range to have found it in the Weddell Sea.

Genus Sacoammina, M. Sars.

Saccammina socialis, H. B. Brady.

Several specimens of this rare species were obtained at Stations 313 and 420.

Known from the North Pacific, North Atlantic, and Faroe Channel.

Saccammina sphwrica, M. Sars.

This species was obtained at five stations, 291, 301, 313, 417, and at 420, in con-

siderable numbers, of large size, and typical in all its characters. Recorded from the

North Atlantic (common) ; fjords of Norway ; Faroe Channel ; ofi" the shores of Franz

Josef Land; North Pacific; and near the Antarctic Continent (Challenger), where

Brady describes it as indistinguishable from the North Atlantic type.

Genus Proteonina, Williamson.

Proteonina [Peophax) diffiugiformis, H. B. Brady.

This apparently world-wide species was taken at eleven of the Scotia's stations, viz.

118, 300, 337a, 338, 342, 387, 447, 451, 459, 467, and 468. These vary in depth

from 2|- to 2645 fathoms, and include all the varieties of deposit obtained by the Scotia
;

but it is noteworthy that it was not obtained at any of the stations south of the circle.
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Genus Pelosina, H. B. Brady.

Pelosina arhorescens, sp. nov. (Plate I. figs. 1-5.)

Test vase-shaped, elongate, sub-cylindrical, erect, smooth, and unctuous to the touch,

more or less flexible in the living state, rounded at the base, gradually narrowing towards

the superior extremity, which is drawn out into a slender main tubular chamber, some-

what dome-shaped at its base.

From about one-third of the test upwards a number of dichotomous tubular branches

extend at irregular intervals with graceful curves. These branches open out into the

main chamber (Plate I. fig. 2). The wall at the base of each outgrowth is thicker and

somewhat swollen, but after a short distance becomes more uniform in diameter. The

walls of the main chamber are thick, composed of fine mud deposited on a slender

chitinous envelope extending to the terminal apertures of the branching tubes, where it

becomes quite thin, and consists of little more than a membrane, so thin and soft that

it readily collapses on drying.

Colour, Vandyke brown. Height of test, IJ to 2 inches (30 to 48 mm.) or more.

A few minute filamentous outgrowths come off" from the outer wall of the extremity of

the basal portion, and appear in some cases to be tubular, but they are so fragile that

they break off" with the slightest manipulation. It is probable that these filaments serve

to fix the test in an upright position in the deposit on the ocean floor.

Dr H. B. Brady, in describing Pelosina variabilis, says specimens of this (mean-

ing P. variabilis) or a closely allied organism have been dredged off the west coast of

Scotland. The specimens were nearly an inch in length, with walls somewhat flexible,

the shape tolerably regular, long and tapering. The superior extremity, which is tubular

and much drawn out, is divided into a number of minute branches, each terminating in

an aperture exactly as shown in the larger arms of Astrorhiza limicola. It is therefore

very probable that Dr Brady had seen a damaged dried specimen of P. arhorescens

sent to him by the late Dr David Robertson of Cumbrae, who also drew my attention

to the fact that Dr Brady had never seen a living specimen of P. arhorescens when he

published his description of P. variabilis.

Fig. 1, PI. I., represents a typical example of Pelosina arhorescens taken by the trawl

on board Sir John Murray's yacht Medvsa, and kept alive by me for five months in a

tank at Millport, Cumbrae. During this time it did not move from the position in which

it was first placed in the tank, but repaired several of the damaged terminal tubular

branches, and displayed the granulated sarcode and ramifying pseudopodia beautifully

extended from the terminal apertures. It was sketched in this condition, and afterwards

preserved in glycerine (fig. 1, Plate I.), and has been reproduced from the original draw-

ing made by my son, F. J. M. C. Pearcey. Figs. 4-5, Plate I., represent a dried broken

specimen from the Weddell Sea. Although much damaged, it shows all the essential

characters of the specimen from the west coast of Scotland.

Distribution.—Scotia Station 420, 2620 fathoms, on a deposit of glacial mud or clay.
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The test is of a lighter colour and rather coarser texture than the specimen figured in

fig. 1, PI. I. Off the west coast of Scotland, 50 to 90 fathoms, and sparingly in the

deep-water area of Loch Fyne. Off Skate Island, 100 to 107 fathoms. It has also been

taken off the coast of Norway (Norman), and doubtful specimens, probably belonging to

this species, were obtained on the Tritofi, 1882, in the Faroe Channel, 640 fathoms.

Pelosina cylindrica, H. B. Brady.

Specimens with tests more delicate in the structure of their walls and rather

smaller than the type specimen were obtained sparingly at Stations 313, 417, and 420.

Previously known from the North Atlantic, North and Western Pacific, off New Zealand,

and off the Antarctic Continent (Challenger).

Genus Technitella, Norman.

Technitella raphanus, H. B. Brady.

Two or three specimens answering to the description and figures given by Brady

of this rare form were obtained from the Scotia material from Station 420. Obtained

by the Challenger off Kandavu, Fiji Islands, in 210 fathoms.

Technitella asciformis, sp. nov. (Plate II. figs. 3-4.)

(Greek asJcos, a leather bottle.)

Test free, flask-shaped, consisting of a single chamber, ovately curved at the apical

end
;
produced to a short thick neck ; terminating in an everted phial-like lip grooved

on the inside ; aperture a small circular opening. Walls comparatively thick, composed

of fine spicular material and fine argillaceous cement, with a strong chitinous lining

which permits of the whole test becoming more or less flexible.

Colour, gray. Length, ^ inch (3 mm.).

Its beautiful symmetry of contour is that of an old-time leather bottle. There are

several fine slightly projecting ridges descending from beneath the everted lip to below

the shoulder, where they merge into the general structure of the wall.

One specimen only was found, among the material from Station 420, 2620 fathoms.

Genus Tholosina, Rhumbler.

Tholosina (Placopsilina) bulla, H. B. Brady.

Several specimens of this peculiar little species were obtained from Station 420,

attached to Rhabdammina ahyssorum and Rliizammina indivisa, the light-coloured

test showing up prominently against the darker-coloured walls of its hosts. It lias

hitherto been recorded from the North and South Atlantic (Brady) ; North Pacific

(Brady, Cushman) ; and taken in the Faroe Channel by the Triton, although not

recorded, in 515 fathoms.
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Genus Webbinella, Rhumbler.

Wehhinella
(
Webbina) hemisphwrica, Jones, Parker, and Brady.

This simple little form was found, but very sparingly, in the washed material from

Station 420, attached to rock-fragments. Known from the English coasts, Faroe

Channel, and North-West Pacific, at depths varying from 25 to 630 fathoms.

Genus Crithionina, Goes.

Crithionina pisum, var. hispida, Flint.

A fine specimen of this simple- celled variety, considerably larger than the type, was

found attached to a rock-fragment from Station 420. The chamber walls are built of

sponge spicules arranged perpendicularly in an amorphous siliceous cement, and lined

interiorly with a delicate chitinous membrane.

CusHMAN records this species from two stations in the North Pacific, 1259 and

1342 fathoms.

It was taken by the Triton and Knight Errant Expeditions in the Faroe Channel,

570 to 640 fathoms, and recorded by me under the generic name of Sorosphwra sp.,

with several others of a similar character.

Genus Thurammina, H. B. Brady.

Thurammina papillata, H. B. Brady,

Obtained (rarely) from Stations 291, 420, and 459. This species has a world-wide

distribution, but appears to prefer the deep waters of the great oceans, where it has

been found from depths of 540 to 3125 fathoms.

Thurammina albicans, H. B. Brady.

Two specimens of this rare species were found in the material from Station 342, in

a deposit of Globigerina ooze. Recorded by Brady from Challenger Stations 323 and

246, off South America and in the North Pacific respectively, 1900 and 2050 fathoms.

Thurammina favosa, var. reticulata, var. nov. (Plate 1. figs. 11-12.)

Test free, consisting of a single chamber ; walls thin, composed of minute angular

mineral particles firmly compacted in a siliceous cement of a bright ferric-red colour

;

apertures, one or more, round, minute (non-papillate or tubular), situated at irregular

intervals over the surface of the test, and do not project beyond the exterior of the

chamber wall.

The test is spherical or nearly so ; the exterior is marked by an irregular network

of raised ridges, which easily distinguish this form from the type T. favosa, Flint

;

the ridges are robust and irregular, of a much lighter colour than that of the wall
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generally. The colour of the latter, however, shows through, and makes this species

conspicuous by its colouring alone. The exterior aspect is illustrated in the drawings.

Diameter from yL to ^l inch (0'5 to 1'5 mm.).

Obtained in moderate numbers at Station 420, 2620 fathoms.

Sub-family HYPERAMMININiS:.

Genus Hyperammina, H. B. Brady.

Hyperammina suhnodosa, H. B. Brady.

Obtained at Station 420, moderately common. Known from the North and South

Atlantic and North Pacific (Brady, and Cushman), 20 to 2384 fathoms. Found

abundantly as far north as the coast of Greenland, 20 to 450 fathoms.

Hyperammina elongata, H. B. Brady.

From Stations 291 (few) and 313 (rare). Walls built of coarser material than is

seen in typical specimens. Only one specimen complete, with the proloculum perfect.

Distribution cosmopolitan, in depths of from 110 to 3125 fathoms.

Hyperammina friahilis, H. B. Brady.

A few typical specimens from Station 420, in a more or less fragmentary condition,

but with the proloculum perfect. This species also has a wide distribution—off the coast

of Greenland, Faroe Channel, North Atlantic, South Atlantic, North Pacific, 20 to 3800

fathoms.

Genus Saccorhiza, Eimer and Fickert.

Saccorhiza (Hyperammina) ramosa (H. B. Brady).

Obtained at Stations 291, 313, 337a, 342, 417, and 420, although nowhere

numerous. Known from as far north as Franz Josef Land, and appears to be present in

all seas wherever arenaceous organisms are found, at depths of from 39 to 3125 fathoms.

Genus Tolypammina, Rhumbler.

Tolypammina [Hyperammina) vagans (H. B. Brady).

Fine typical specimens, but of a dark grayish-brown colour, from Stations 291, 417,

and 420. World-wide distribution. Bathymetrical range, 20 to 3800 fathoms.

Genus Ammolagena, Eimer and Fickert.

Ammolagena
(
Webbi7ia) clavata (Jones and Parker).

From Stations 291 (common), 313, 342, and 420 (rare), attached to Rhabdammina,

Psammosphsera, Saccammina, and on rock-fragments. A widely distributed form

—

oflF the coast of Norway, Faroe Channel, North Atlantic, South Atlantic, North Pacific,

90 to 2000 fathoms.
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Sub-family AMMODISCINiE.

Genus Ammodiscus, Reuss.

Ammodiscus incertus (d'Orbigny).

Found sparingly at Station 337a. A species of very wide distribution and

extensive range in depth. 15 to 2110 fathoms.

Genus Gordiammina, Rhumbler.

Gordiammma (Amonodiscus) charoides (Jones and Parker)

This brilliant and beautifully coiled little species has been taken at Stations 342,

416, 447, 451, and 459, although not in any abundance. Widely distributed, from as

far north as the Faroe Channel to as far south as off Kerguelen, although the present

record extends its southern limits. Bathymetrical range, 90 to 2575 fathoms.

Gordiammina [Ammodiscus) gordialis (Jones and Parker).

Sparingly at Station 342 only. Known from as far north as off Franz Josef Land

to as far south as off Kerguelen. 55 to 3125 fathoms.

Family LITUOLID^.

Sub-family ASCHEMONE LLIN^.

Genus Aschemonella, H. B. Brady.

Aschemonella catenata (Norman).

A few specimens from Station 420. A widely distributed species ; in the Atlantic

and Pacific from depths of from 390 to 2900 fathoms.

Aschemonella ramuliformis, H, B. Brady,

One or two specimens of this rare species also obtained from Station 420. Hitherto

known only from the South Atlantic and North Pacific (Challenger), from depths of

1900 to 3125 fathoms.

Sub-family REOPHACIN^.

Genus Reophax, Montfort.

Reophax adunca, H. B. Brady.

This rare species was obtained sparingly at Station 420 only. Known from the

Faroe Channel, North Atlantic, South Atlantic, southern Indian Ocean, and Pacific.

Range of depth, 540 to 2900 fathoms.
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Reophax nodulosa, H. B. Brady.

This beautifully built form, one of the largest species amongst recent arenaceous

Foraminifera, is represented in the Scotia collection from seven stations, viz. 301, 313,

416, 417, 418, 420, and 447. At Station 417 it was in great numbers and of very

large dimensions, several specimens measuring more than one inch in length, and girth

in proportion, the finest I have ever seen. This species has practically a world-wide

distribution and a great range in depth, from comparatively shallow water to

3950 fathoms.

Reophax robustus, sp. nov. (Plate I. figs. 6-10.)

Test straight ; composed of few (two to four) chambers or segments ; chambers

spherical, last chamber generally somewhat elongated, each much larger than its pre-

decessor ; with a well-formed and firmly constructed tubular orifice ; walls composed of

very coarse sand-grains, compactly built, and beautifully ornamented externally with

large angular mineral particles, such as quartz, felspar, magnetite, garnet, zircon, and

hornblende, giving a beautiful but very robust appearance to the whole structure.

Length, -^ to ^ inch.

Reophax robiistum may be noted as one of the most beautiful members of the genus
;

it is readily recognised by its robust appearance and body-colour, which is of a yellowish

gray. This is broken up, however, by the variously coloured minerals which stand out

prominently from the walls, in which they are firmly cemented by a light yellow-brown

siliceous cement.

The interior of the chamber walls is smooth or nearly so, but appears to possess

little or no chitinous lining. The simple tubular apertures are of a bright ferric-brown

colour, which stands out conspicuously at the distal end of each chamber, where they

terminate in a drawn-out tubular neck, giving the test a beautifully finished appearance.

Reophax rohustum is one of the most abundant species obtained at Station 420,

2620 fathoms, but it was not found in the material from any of the other localities.

Reophax dentalini/ormis, H. B. Brady.

Obtained in its typical form at Stations 313 and 447, but rare. This species has a

fairly wide distribution in the depths of most of the great ocean basins.

Reophax membranacea, H. B. Brady.

This little, delicate, semi-chitinous form was found, rare, at Station 313. It is

exclusively a deep-sea species, and comparatively rare, ranging in depth from 1775 to

3950 fathoms.

Reophax scorpiurus, Montfort.

A very common cosmopolitan species, but apparently sparingly distributed in

Antarctic Seas. Found only at Station 342. Obtained by the Challenger off" Heard

Island, in 75 fathoms.
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Reophax distans, H. B. Brady.

This rare species was obtained very sparingly and only in imperfect condition in the

material from Station 459.

Distribution.— Yaroe Channel, 355 fathoms; off Kerguelen, 1570 fathoms; North

Pacific, where it is moderately common in the deepest waters.

Reophax pilulifera, H. B. Brady.

Obtained at Stations 291, 301, 313, and 420 ; not common. A comparatively rare

species, peculiar to deep water. Known from off the south of Ireland, South Atlantic,

and Pacific. Depth, 437 to 2900 fathoms.

Genus Hormosina, H. B. Brady.

Hormosina normani, H. B. Brady.

This large species, characterised by its fine texture, smooth surface of its chamber

walls, and dark brown cement, was obtained in fair abundance and of very large size at

Station 417. Several specimens from here measure -^ inch in length, with the final

segment fully y^g- inch across. It was not uncommon at Station 291, and rare at

Station 313.

The species is rather an uncommon one, and is exclusively a deep-water form.

Wherever taken it is usually found in fair numbers, but owing to its delicate structure

it is seldom in perfect condition.

Habitat.—North Atlantic, 1380 and 1750 fathoms; Pacific (more abundant),

1100 to 2900 fathoms (Challenger).

Hormosina globulifera, H. B. Brady.

Stations 295 and 420, rare. Known from all the great ocean basins, in depths

between 440 fathoms and 2900 fathoms.

Hormosina irregularis, sp. nov. (Plate I. figs. 13-15.)

Test irregular ; composed of from two to five .subspherical chambers, of which those

at the commencement are the smallest. They are all closely embracing. Apertures

small, each at the end of a definite tubular, somewhat cone-shaped neck (which is often

of a bright ferric-brown colour from the tip of the neck downwards) situated at the

apex or distal end of each chamber. Successive chambers may be placed at right

angles or obliquely to their predecessors. Walls finely arenaceous, thin ; surface smooth

both within and without. Colour, light pearly gray. Length, \ inch (3 mm.) or more.

This interesting form was taken sparingly at Station 420 only.
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Sub-family TROCHAMMININifl

Genus Haplophragmoides, Cushman.

Haplophragmoides (Haplophragmium) scitulum (H. B. Brady).

This nautiloid form was obtained at Stations 291, 313, 416, and 417, but rare.

Recorded from both Atlantics and from the Pacific, ranging in depth from 66 to

2900 fathoms.

Haplophragmoides {Trochammina) trullissatum (H. B. Brady).

From Stations 300, 337a, 416, and 420, rare. World-wide distribution, ranging in

depth from 570 to 3950 fathoms.

Haplophragmoides (Haplophragmium) glomeratum (H. B. Brady).

This minute spiral form was obtained at Station 420 only (rare). A common

species in Arctic Seas and in all the ocean basins, ranging in depth from 23 to

2675 fathoms.

Haplophi^agmoides {Haplophragmium) canariense (d'Orbigny).

At Station 337a only (rare). Cosmopolitan ; at depths of from 2 to 3950 fathoms.

Haplophragmoides (Haplophragmium) rotulatum (H. B. Brady).

This rare and exclusively deep-sea form was taken at Station 337a (few) and

Station 342 (rare). Previous records :—North Atlantic, Brady; Pacific, Cushman.

Haplophragm,oides [Lituola) subglobosum, (G. 0. Sars).

At Stations 300, 313, 416, 417, 418, 420, and 447, but nowhere common. Cosmo-

politan, and from quite shallow water down to 3950 fathoms.

Haplophragmoides umbilicatum, sp. nov. (Plate 11. figs. 8-10.)

Test free ; roughly nautiloid
;
piano-spiral ; composed of three coils. Walls compara-

tively thin (unequally) ; deeply umbilicated on both sides ; very rough and robust

externally, almost smooth internally
;
generally with a thin chitinous lining ; chambers

broad and arched ;
peripheral margin roughly involute ; first and second coils often

exposed in the umbilical region. Six to seven chambers in the last-formed coil

;

aperture a crescentic slit at the base of the apertural face. Colour a light yellowish

brown. Diameter y'y inch (2*1 mm.) or less.

This species is a coarse sandy form resembling in some respects Haplophragmoides

rotulatum, but is readily distinguished from that species by the character of its

chambers. These are larger, not so compactly built, and more coarsely arenaceous

(Plate II. fig. 10), also the last chamber is subspherical.
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Haplophragmoides umbilicatum was found in abundance in the deposit from

Station 420, 2620 fathoms, glacial mud, but not from any other.

Genus Cribrostomoides, Cushman.

Cribrostomoides hradyi, Cushman.

{Haplophragmium latidorsatum (Bornemann)).

Obtained from Stations 313, 418, 420, 459, and 467 (rare). One of the commonest

of arenaceous deep-sea Foraminifera. Range, from Franz Josef Land to the Antarctic

Continent, and in all oceans, at depths of from 113 to 3950 fathoms.

Genus Cyclammina, H. B. Brady.

Cyclammina cancellata, H. B. Brady.

Good specimens of this species, the largest of its genus, with its wonderful

labyrinthine structure, the function of which has yet to be discovered, were obtained,

but rarely, at Stations 420 and 447. North and South Atlantic and Pacific Oceans,

75 to 2900 fathoms.

Cyclammina pusilla, H. B. Brady.

This handsome little species has been found at seven stations, viz. 300, 313, 338,

416, 417, 420, and 447, but nowhere common. Not known, so far as I am aware, from

the North Atlantic, and from but one station in the South Atlantic and one in the

Antarctic {Challenger). Common in the Pacific (Cushman). 93 to 2879 fathoms.

Cyclammina contorta, sp. nov. (Plate II. figs. 5-7.)

Test nautiloid, compressed, slightly umbilicate, convex towards the peripheral edge
;

composed of from three to four convolutions, the last two completely enveloping the

others ; segments numerous, usually fifteen in number. Walls of test finely arenaceous,

and thin externally ; body of walls and throughout the labyrinthine structure with

larger angular mineral particles incorporated. The chambers of the first convolution

and the earlier ones of the second are thin-walled and but slightly labyrinthine : all the

succeeding chambers become partly labyrinthine, and the last three or four completely

so (Plate II. fig. 7). Suture lines slightly depressed and contorted anteriorly ; exterior

smooth, slightly iridescent ; imperforate in the perfect state, but when the outer wall is

rubbed or broken away the open tubules of the labyrinthine communications with the

main chambers become exposed to view ; aperture usually a curved slit, but in some

specimens this is altered into three or more circular openings or pores situated at the

base of the apertural face.

Colour Vandyke brown near the area of the umbilicus, becoming much lighter at the

periphery ; suture lines very dark, almost black.

Diameter, 2-5 to 4 '2 mm.
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This species in its earlier stages of development closely resembles Cyclammina

pusilla, and this resemblance can be seen when the later convolutions are broken away,

leaving the earlier chambers exposed (Plate II. fig. 7). All the specimens I have

examined are of the microspheric form.

Obtained at Stations 417 and 420, but not abundant.

Genus Ammobacdlites, Cushraan.

Ammobaculites (Haplophragmium) agglutinans (d'Orbigny).

This, perhaps the most common species of all arenaceous Foraminifera, was obtained

from Stations 337a, 338, 342, 447, 459, and 467, but nowhere very abundantly. Its

distribution is world-wide, and its range of depth from quite shallow water down to over

3000 fathoms.

Ammobaculites americanus, Cushman.

From Station 342 only (rare). Brady records this species, under the name of

Haplophragmium fontinense, from the South Atlantic, 1900 fathoms; from the South

Pacific, 1375 fathoms; and amongst the islands ofi" the coast of Patagonia, 40 to 140

fathoms. Cushman also records it from the Mexican coast, 772 fathoms.

Ammobaculites (Haplophragmium) tenuimargo (H. B. Brady).

This interesting species was taken (rare) at two stations, 313 and 420. It is a rare

form ; only six other localities, very wide apart, are known where this species has been

obtained : in the Faroe Channel, warm area, 530 fathoms ; south-west of the Canaries, in

2740 fathoms; east of Buenos Aires, 1900 fathoms; north of Papua, 1070 fathoms;

east of New Zealand, 1100 fathoms; and at one station in the North Pacific, 3950

fathoms.

Genus Placopsilina, d'Orbigny.

Placopsilina vesicularis, H. B. Brady.

Obtained (rare) at one station only, 420, 2620 fathoms, attached to rock-fragments.

This species, which is generally associated with a rich arenaceous fauna, has hitherto

been taken in the Faroe Channel, 560 fathoms ; between the north-west of Ireland

and the Rockall Bank, 630 to 1443 fathoms; from the South Atlantic east of Buenos

Aires, 1900 fathoms. These are the only localities known; it is therefore worthy of

note that this species has been found in the Weddell Sea.

Genus Trochammina, Parker and Jones.

Trochammina (Haplophragmium) nana (H. B. Brady).

Taken at two Scotia stations, 118 and 337a (rare). This minute species appears to

be at home either in deep or shallow water ; it has a wide distribution. In the Arctic
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Seas it is found abundantly, in depths ranging from 89 to 145 fathoms; and it

has been taken in the North and South Atlantic, in 1900 to 2350 fathoms ; also in the

Pacific Ocean, in depths varying from 245 to 3125 fathoms.

Trochammina {Haplophragmium) glohigeriniformis (Parker and Jones).

This species, one of the most beautifully constructed forms of the genus, has been

taken at six stations, viz. 313, 337a, 342, 417, 447, and 459, but nowhere common.

Trochammina glohigeriniformis has a world-wide distribution and a great range of

depth, from Franz Josef Land, in the Arctic Seas, to the iVntarctic Continent, in

depths ranging from 15 to 3950 fathoms, and is one of the commonest arenaceous

Foraminifera in the deeper waters of all the great ocean basins.

Trochammina nitida, H. B. Brady,

This rotaliform species is somewhat rare, but is easily identified from its congeners

by the complanate superior surface of the test and its even margin. Found at Stations

118 and 346, but not common. Known from as far north as Franz Josef Land to as

far south as oif Prince Edward Island, in depths of from 50 to 1070 fathoms.

Trochammina (Haplophragmium) turhinata (H. B. Brady).

From Stations 300 and 447 (rare). Known from one station in the South Atlantic,

off Amboyna, and from eight stations in the Pacific (Brady and Cushman). Range

of depth, 66 to 2050 fathoms.

Genus Globotextularia, Eimer and Fickert.

Glohotextularia {Haplophragmium) anceps (H. B. Brady).

This characteristic wild-growing species was found at Station 342 only (rare). It is

known from Davis Straits, oif Culebra Island, off the west coast of South America, and

from two stations in the North Pacific. Range of depth, 196 to 2200 fathoms.

Genus Ammochilostoma, Eimer and Fickert.

Amm.ochilostoma [Trochamm^ina) galeata (H. B. Brady).

This rare, inconspicuous, but handsome form was found at one station only, No. 459

(rare). It is exclusively a deep-sea species, being known from a few localities only in

the North Atlantic, South Atlantic, and Pacific, at depths of from 1825 to 2750 fathoms.

Ammochilostoma [Trochammina) pauciloculata (H. B. Brady).

A few specimens of this brilliant little species were obtained from Stations 447 and

459 (rare). Recorded from all the great ocean basins, mainly from deep water in mid-

ocean, although its range is from 173 to 2395 fathoms.
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Family TEXTULARIIDJE.

Sub-family SPIROPLECTIN^.

Genus Spiroplecta,

Spiroplecta americana, Ehrenberg.

Obtained (rare) at one station by the Scotia, 459, 1995 fathoms ; the only other

record for this species, so far as I am aware, is by the Challenger Expedition, off Raine

Island, North Australia, 155 fathoms.

Spiroplecta hiformis, Parker and Jones.

This minute species in its typical form was obtained (rare) at Station 337a, 2110

fathoms. S. hiformis is readily distinguished from its allies by the uniform manner in

which its test is built, consisting of very fine arenaceous material and brown cement.

It is to be found more frequently in the Arctic Seas, as far north as 80° lat., in depths

varying from 27 to 145 fathoms; in the South Atlantic east of Buenos Aires, 1900

fathoms; and in the South Pacific, 2375 fathoms.

Sub-family TEXTULARIIN^.

Genus Textularia, Defrance.

Textularia conica, d'Orbigny.

Obtained at Station 342 (rare). T. conica is a very generally diffused species,

and is found most abundantly in the coral seas of the tropical and subtropical regions.

Textularia concava (Karrer).

This species was taken (rare) at Station 342, 1946 fathoms. It is recorded from

several stations in the North Atlantic, from 173 to 2750 fathoms ; from the South

Atlantic, in mid-ocean, 2475 fathoms ; and at a number of stations in the Pacific Ocean,

from shallow water to 2600 fathoms.

Textularia agglutinans, d'Orbigny.

Found in the material from Station 459, 1998 fathoms. T. agglutinans is perhaps

the commonest species of the genus Textularia, and the most typical arenaceous variety
;

it has a cosmopolitan distribution, both geographical and bathy metrical, and has been

recorded in depths ranging from 5 to 3125 fathoms.

Textularia aspera, H. B. Brady.

Obtained (rare) from one station only, 467, 2645 fathoms. This species has a geo-

graphical range from the Faroe Channel to the North Pacific, and has been collected in

depths from 210 to 2900 fathoms.
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Genus BoLiviNA, d'Orbigny.

Bolivina reticulata, Hantken.

A few specimens of this species were found from Station 451, 1741 fathoms. It

has not been recorded in the North Atlantic ; the Challenger Expedition obtained this

species as far south as off Kerguelen, in 1570 fathoms.

Bolivina nobilis, Hantken.

Obtained (rare) at Station 451. This species has only been recorded hitherto from

the South Pacific Ocean, from shallow water to 1355 fathoms.

Bolivina punctata, d'Orbigny.

Taken at three stations, 346 (few), 459 (few), and 467 (rare). This species has a

cosmopolitan distribution, and a correspondingly wide range of depth, from 2 to 2750

fathoms.

Bolivina textilarioides, Reuss.

Found (rare) in the material from Station 346, 56 fathoms.

Oenus Pi-EUROSTOMELLA, Reuss.

Pleurostomella alternans, d'Orbigny.

This interesting species was obtained (rare) at Station 459, 1998 fathoms. The

only other records for this species are oft" the Ki Islands, south-west of Papua, 129

fathoms ; south of the Low Archipelago, 2075 fathoms ; and oft" the Galapagos Islands,

in 1379 fathoms.

Sub-family VERNEUILININ^.

Genus Verneuilina, d'Orbigny.

Verneuilina hradyi, Cushman.

Taken sparingly at Station 342, 1946 fathoms. V. hradyi is a common deep-

water form, and has a wide distribution, from about lat. 60° N., south as far as the

Antarctic Continent, with a range of depth from 420 fathoms in the North Atlantic

to 3125 fathoms in the North Pacific,

Genus Gaudryina, d'Orbigny.

Gaudryina pseudojiliformis, Cushman.

This new species was created by Cushman for the reception of those recent forms

figured and described by Brady and by him referred to the cretaceous species
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G. Jiliformis, Berthelin. From the examination of Challenger specimens and others.

I consider Cushman is quite correct, and have therefore followed his example.

I have obtained good representatives of G. pseudojiliformis from two Scotia stations,

313, 1775 fathoms, and 338, 2180 fathoms, and these are the most southern records for

this species.

Gaudryina bradyi, Cushman.

This species is a common deep-sea form, which Dr H. B. Brady, in his Challenger

Eeport, erroneously records under the name of G. pupoides. Although I believe

Cushman to be correct in his reference to this species, it would have been more to the

point had he given it a name which conveyed some definite specific character.

G. bradyi was taken at three stations, 342, 459, and 467. It has been hitherto

collected as far north as lat. 60° N., and is generally met with in most samples of deep-

sea deposits. The Scotia's records are the most southerly known.

Genus Clavulina, d'Orbigny.

Clavulina communis, d'Orbigny.

This species is a comparatively common form in tropical and subtropical areas ; it

has been collected in from moderate depths down to 2300 fathoms, and is recorded from

the North Atlantic to as far south as the Antarctic Continent.

I have found it in Scotia material from six stations, 313 (rare), 337a (few), 342

(rare), 417, 418, and 447 (rare).

Sub-family BULIMININ^.

Genus Bulimina, d'Orbigny.

Bulimina aculeata, d'Orbigny.

Obtained at two stations, 118 (rare) and 451 (few). This species has been

collected as far north as the North Cape on the coast of Norway, and as far south as

the Antarctic Continent.

Bulimina huchiana, d'Orbigny.

Taken at one station only, 451 (few) ; it is a common species in the North Atlantic

from lat. 60° N. to the equator, and has been collected from depths of 150 to 1675

fathoms. The Scotia record is the most southerly point at which this species has been

obtained.

Bulimina ovata, d'Orbigny.

This species was obtained (rare) at Station 459, 1998 fathoms, in a deposit of

Globigerina ooze.

I

I
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Bulimina elegantissima, d'Orbigny.

This species was obtained in abundance at Station 118, 24 fathoms. B. elegantissima

has been taken as far north as the west coast of Novaya Zemlya. It is also found on

the shores of the British Islands, Belgium, and France. It was taken by the Challenger

Expedition off the Falkland Islands in 6 fathoms; east coast of Australia, 2 to 410

fathoms ; South Pacific, 6 to 6 1 fathoms ; off the coast of South America, from Peru to

Cape Horn.

Genus Virgulina, d'Orbigny.

Virgulina pauciloculata, H. B. Brady,

This minute species was obtained (sparingly) at Station 459, 1998 fathoms ; the only

other records are off the shores of New Guinea and the adjacent islands, in depths from

11 to 129 fathoms.

Virgulina schreibersiana, Czjzek.

This somewhat doubtful species has been taken at four Scotia stations, 417, 418,

467, and 468. Nowhere abundant.

It has a very extensive distribution, and although it has been recorded from

shallow water, its natural habitat would appear to be in the deeper waters of the great

ocean basins; its range of depth is from 11 to 3125 fathoms. The Scotia's records are

the farthest south from which this species has been obtained.

Sub-family CASSIDULININiE.

Genus Cassidulina, d'Orbigny.

Cassidulina crassa, d'Orbigny.

Obtained at Station 346, 56 fathoms (common) ; its distribution is world-wide,

from lat. 83° ll'N. to as far south as the Antarctic Continent, ranging in depth

from comparatively shallow water to the deepest water in mid-ocean.

Cassidulina suhglohosa, H. B. Brady.

This fine species was obtained at no less than nine stations, 118, 286, 313,

842, 417, 447, 459, 467, and 468, although it is not common at any of them. C.

suhglohosa is, generally speaking, a deep-sea type, and has been recorded from all the

great ocean basins.

Cassidulina Isevigata, d'Orbigny.

This species was obtained (few) at two stations, 118, 2j fathoms, and 451, 1741

fathoms. C. Isevigata is one of the commonest Arctic Foraminifera, and has a world-

wide distribution ; it was found as far south as the Antarctic Continent by the

Challenger Expedition. Its range of depth is from very shallow water, round the

British coast, to 1741 fathoms, in the Southern Ocean.
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Cassidulina calabra (Seguenza).

Obtained sparingly at Station 346, 56 fathoms. The only other records for this

species are off Raine Island, Torres Straits, 155 fathoms, and off Kandavu, Fiji,

610 fathoms.

Cassidulina parheriana, H, B. Brady.

Two specimens of this species were obtained at Station 346, 56 fathoms.

Genus Ehrenbergina, Reuss.

Ehrenhergina serrata, Reuss.

This interesting species was obtained (rare) at Station 342, 1946 fathoms. It has

hitherto been recorded from the North and South Atlantic, and is comparatively

common in the North and South Pacific, generally being found in the area of the

Globigerina ooze. The Scotia station is the most southerly record.

Ehrenbergina pupa (d'Orbigny).

Taken at Station 342, 1946 fathoms. It has hitherto only been collected off the

Azores, in 450 fathoms; off the Falkland Islands, in 1035 fathoms; off the mouth

of Rio de la Plata, 13 fathoms; and off the coast of Patagonia, 120 and 175

fathoms.

Family LAGENIDyE.

Sub-family LAGENIN^.

Genus Lagena, Walker and Boys.

Lagena globosa (Montagu).

Obtained at Stations 346 (few), 417 (rare), 459 (few), and 467 (rare). This species

is common in all seas and at all depths, wherever marine deposits have been examined

by the rhizopodist.

Lagena apiculata (Reuss).

Obtained sparingly at Stations 342, 346, and 459,

Lagena longispina, H. B. Brady.

This interesting deep-sea variety was obtained sparingly at Station 459, 1998 fathoms.

Lagena Icevis (Montagu).

This simple form has been obtained (few) at Stations 118 and 459. It is a very

common species, and has been found living in every sea from within 10 degrees of the

North Pole to the Antarctic Continent, and at every depth from the tidal zone down

to 2435 fathoms.
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Lagena vulgaris, var. pertuso-marginata, Eymer Jones.

Obtained sparingly at Station 346.

Lagena gracillima (Seguenza).

Taken (rare) at Station 459, 1998 fathoms ; a cosmopolitan species.

Lagena truncata, H. B. Brady.

This species was found (rare) at Stations 459 and 467.

Lagena hispida, Eeuss.

One or two specimens of this species in its typical form were taken at Station 346.

Lagena striata (d'Orbigny).

Obtained (few) at Station 346, 56 fathoms,

Lagena lineata (Williamson).

A few specimens of this common and widely distributed species were found from

Station 346.

Lagena distoma, Parker and Jones.

A few specimens of this species were found at Station 467.

Lagena variata, H. B. Brady.

This rare variety also was obtained at Station 346.

Lagena sulcata (Walker and Jacob).

Obtained at Stations 346 (few), 459 (few), and 467 (rare). It is one of the most

abundant and most generally distributed of all the members of the genus ; it has

hitherto been recorded in every latitude, from Baffin's Bay in the north to Heard Island

in the Southern Ocean. Its bathymetrical range extends from the littoral zone to a

depth of 2750 fathoms.

Lagena acuticosta, Reuss.

Found (rare) at Station 342, 1946 fathoms.

Lagena gracilis, Williamson.

This species was found in the deposits taken from Stations 346 (common), 459 (few),

and 467 (rare). It is a very common form, and found all over the world, from the

shallowest water down to 2775 fathoms.
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Lagena semistriata, Williamson.

Obtained at Stations 346 (few), 417 (rare), and 467 (rare),

Lagena multicosta, Karrer.

Obtained sparingly at Stations 342 and 459.

Lagena stelligera, H. B. Brady.

Obtained (rare) at Station 459, 1998 fathoms.

Lagena exsculpta, H. B. Brady,

This species was found at Stations 342 and 447 (rare). It is a somewhat rare

form, apparently confined to the deep areas of mid-ocean.

,

Lagena desmophora, Eymer Jones.

Taken at Station 459, 1998 fathoms, very sparingly.

Lagena torquata, H. B. Brady.

Taken (rare) at Station 342, 1946 fathoms. This species was taken by the

Challenger Expedition in the South Pacific, north of Juan Fernandez Island, in

1375 fathoms.

Lagena feildeniana, H. B. Brady.

This beautiful striato-punctate variety was found (rare) at Stations 447, 459, and

467. It is by no means a common species ; it has been collected from as far north as

79° N., in 80 fathoms ; and in the Southern Ocean to the west of Marion (Prince Edward)

Island, in 1570 fathoms; and in comparatively shallow water in the Pacific Ocean.

Lagena squamosa (Montagu).

Lagena squamosa, one of the commonest species, was obtained at Stations 118, 346,

417, and 459, but not in any numbers.

Lagena seminuda, H. B. Brady.

Another deep-sea variety ; obtained (rare) at Station 467, 2645 fathoms.

Lagena laevigata (Reuss).

Was moderately common at Station 346.

Lagena millettii, Chaster

This species was also found (rare) at Station 467.
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Lagena lucida, Williamson.

A few specimens of this compressed variety of L. Isevigata were obtained from

Station 346, 56 fathoms.

Lagena acuta (Reuss).

Taken at Stations 342 (rare) and 346 (few). Lagena acuta, like the preceding

species, is found all over the world, ranging in depth from 2 to 3125 fathoms.

Lagena staphyllearia (Schwager).

Obtained (rare) at Station 447 only. This species appears to be confined to the

deeper waters of the North and South Atlantic, whence it is recorded by the Challenger

as being obtained in 2200 to 2750 fathoms ; but in the Southern Ocean and South

Pacific it occurs in shallow water near the coast-line.

Lagena marginata (Walker and Boys).

This cosmopolitan species was found sparingly at Stations 342, 346, 459, and 468.

Its bathymetrical distribution is also very extensive ; it has been taken from the littoral

zone down to 3125 fathoms.

Lagena semimarginata, Reuss.

Obtained at Stations 346, 459, and 468, sparingly.

Lagena lagenoides, var. tenuistriata, H. B. Brady.

Also found (rare) at Station 346.

Lagena formosa, Schwager.

Obtained (very rare) at Station 417, 1410 fathoms. L. formosa is a typical deep-

sea species ; it was also collected near the Antarctic Continent by the Challenger

Expedition, in 1300 fathoms ; and in the North Atlantic Ocean in 2750 fathoms.

Lagena trigonomarginata, Parker and Jones.

Several specimens of this somewhat rare species were also obtained from Station 346
;

it has been collected in the North Pacific at a depth of 2300 fathoms.

Lagena qiiinquelatera, H. B. Brady.

Found (rare) at Station 342, 1946 fathoms. This species is recorded from the

Challenger Expedition in the South Pacific, 2350 fathoms ; and from off" Marion (Prince

Edward) Island, Southern Ocean, in 50 to 150 fathoms.

Lagena orhignyana (Seguenza).

Obtained (rare) at Stations 118, 346, 417, 447, 459, 467, and 468.
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Lagena hicarinata (Terquem).

Found (rare) at Station 346.

Lagena castrensis, Schwager.

Rare at Station 346, 56 fathoms.

Lagena quadricostulata, Reuss.

Taken at Stations 346 and 459. L. quadricostulata, by no means a common
form, was obtained by the Challenger Expedition in Balfour Bay, Kerguelen, 20

to 50 fathoms ; and off Sydney, Australia, in 410 fathoms.

Lagena Jlmbriata, H. B. Brady.

Taken (very rare) at Station 467, 2645 fathoms. L. Jimhriata is a rare variety ; its

natural habitat is in the deeper waters of mid-ocean.

Lagena auriculata, H. B. Brady.

Taken at Stations 342 and 346 (rare).

Lagena alveolata, H. B. Brady.

Obtained (rare) at Station 459 only. This species has been collected only from the

deep waters of the great ocean basins ; it has been recorded from the North Atlantic,

2750 fathoms; South Atlantic, 2200 fathoms; Southern Ocean, 2600 fathoms ; and from

South and North Pacific, 2300 fathoms.

Lagena hispidipholus, sp. nov. (Plate II. figs. 11-13.)

Test of variable contour ; oblong, compressed, ovate, elongate ; sometimes subangular.

Walls semi-transparent ; superior surface covered with short, pointed spines (hispid),

thickest at the margin of the inferior surface, where they form a distinct thickened rim

all round. Inferior surface comparatively thin, sole-like
;
glassy, with raised ridges

;

diffused with minute foramina, and minute spines which may be altogether absent.

Aperture a short, tubular neck, projecting abruptly from the apical end of the test;

ornamented with a number (six or more) of minute parallel rings, which occupy the

entire neck from its junction with the body to the free end. Diameter ^ inch

(1 mm.).

This variety of the genus Lagena would appear from the flattened sole-like inferior

surface to have been an adherent form, although I have not seen a specimen actually

in situ. Lagena, hispidipholus was obtained (rare) from Station 346, 56 fathoms, from

the broken-down colonies of Cephalodiscus agglutinans, and has therefore most probably

become an adherent form by being enclosed between the chitinous tubes built up

by the Cephalodiscus during the enlargement of their colonies.
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Sub-family N0D(3SARINiE.

Genus Nodosaria, Lamarck.

Nodosaria roemeri, Neugeboren.

This variety was obtained (rare) at Stations 342 and 346. N. roemeri is by no

means a common form ; I have collected this species in the warm area of the Faroe

Channel.

Nodosaria 'perversa, Schwager.

Obtained (rare) at Station 342. This species has only been recorded hitherto from

off the Ki Islands, south-west of Papua, in 120 fathoms.

Nodosai'ia calomorpha, Reuss.

Obtained at Stations 118 (rare) and 459 (rare). This minute species has been

collected from the North Atlantic, in 1215 fathoms; the South Atlantic, 1990 and

2200 fathoms; ofl" the Falkland Islands, in 6 fathoms; off Kerguelen, 120 fathoms;

off Ki Islands, 129 to 580 fathoms ; and in 95 fathoms off the Philippine Islands.

Nodosaria m.ucronata, Neugeboren.

A moderately common form in the North Atlantic, and off the British coast, from

shallow water to 1750 fathoms ; in the South Atlantic, to 2350 fathoms; and in the

Pacific Ocean, from 345 to 2600 fathoms. I have found this species (rare) at Stations

417 and 467 ; these are the most southerly records known for N. mucronata.

Nodosaria consobrina, var. emaciata, Reuss.

Obtained (rare) at Station 467. I have taken this species in the warm area of the

Faroe Channel.

Nodosaria scalaris, var. separans, H. B. Brady.

Several specimens of this variety were obtained at Station 346, 56 fathoms. This

is a common form off the coast of New Zealand, in 275 fathoms.

Nodosaria proxima, Silvestri.

Obtained (rare) at Station 346. N. proxima appears to prefer the warmer waters

of the coral seas. Brady records it from Torres Straits, in 155 fathoms; off the

Philippines, 95 fathoms ; off the reefs at Honolulu, 40 fathoms ; and off the Azores, in

450 fathoms.

Nodosaria setosa, Schwager.

Found (rare) at Station 346.
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Nodosaria fiUformis, d'Orbigny.

This species was also obtained sparingly at Station 346.

Gi-enus Cristellaria, Lamarck.

Ciistellaria convergens, Bornemann.

This species was found at Stations 337a (rare), 342 (few), 418 (rare), and 447 (rare).

The natural habitat of this species is in the deeper waters of the great ocean basins. Il

has been collected in the North Atlantic, in 2740 fathoms ; in the South Atlantic, 2350

fathoms; and in the Pacific Ocean, from 16 to 1850 fathoms.

Cristellaria cultrata, var. (Montfort).

A dentate variety was obtained (rare) at one station only, 451, 1741 fathoms. This

species has been recorded from as far north as the Arctic Circle, and as far south

as the shores of Patagonia, but in most cases from comparatively shallow water.

Cristellaria articulata, Reuss.

Obtained frequently at Station 346, 56 fathoms. Previously taken off Culebra

Island, West Indies, 390 fathoms, and off Tristan da Cunha, 100 to 150 (abundant).

Cristellaria crepidula (Fichtel and Moll).

This species has a wide distribution, and is chiefly confined to comparatively

shallow water. It was obtained in fair numbers at Station 346, 56 fathoms. C. crepi-

dula has been collected from as far north as Davis Straits (lat. 68° 50' N.), and is a

common form in the North Sea and Atlantic ; its range of depth is from 6 fathoms

in the Pacific to 2350 fathoms in the tropical part of the South Atlantic.

Cristellaria schloenhachi, Reuss.

Obtained (rare) at Station 346. Taken by the Challenger Expedition off Bermuda,

435 fathoms, and Culebra Island, West Indies, 390 fathoms; also off Raine Island, North

Australia, 115 fathoms.

Cristellaria acutauricularis (Fichtel and Moll).

This thick ovoid variety was also taken (rare) at Station 346. It is not a common

form. It has been found in the North Atlantic, in from 390 to 2750 fathoms; off the

Cape of Good Hope, 150 fathoms ; and from six stations in the South Pacific, in depths

ranging from 155 to 2350 fathoms ; but at all times rare.

Genus Amphicoryne, Schlumberger.

Amphicoryne falx (Jones and Parker).

This interesting dimorphous striated variety was obtained (rare) at Station 346,

56 fathoms ; this species is also found in the warm area of the Faroe Channel, in 516

fathoms.
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Sub-family POLYMORPHININiE.

Genus PoLYMORPHiNA, d'Orbigny,

Polymorphina injlata, sp. nov. (Plate II. figs. 14-16.)

Test elongate, forming a somewhat obscure triserial spire, having five visible

chambers tapering to a point at the inferior extremity ; oblong and more or less inflated
;

the last chamber much the largest and more inflated than the rest ; compressed trans-

versely ; each chamber separated by excavated sutures. Aperture a round opening

encircled by a number of radiating grooves near the centre of the final chamber

;

furnished with a short entosolenian tube extending into the cavity of the last chamber.

Length, -^-^ inch (17 mm.).

The erect position of the chambers, inflated contour of the test, and separated

excavated suture lines are suflicient to distinguish this species from its near allies
;

the chamber walls are thin, smooth, and beautifully transparent. Polymorphina

injlata was found sparingly at Station 346, 56 fathoms.

Polymorphina angusta, Egger.

This species (rare) was taken at four stations, 342, 346, 447, and 459. It is

a widely distributed species, and has been found in the North and South Atlantic

and the North and South Pacific, but is for the most part a deep-sea form, with a range

of depth in these oceans of 1000 to 2400 fathoms, although it has been collected on

several occasions in shallow water,

Polymorphina gihha, d'Orbigny.

Obtained (rare) at one station only, 342, 1946 fathoms.

Polymorphina seguenzana, H. B. Brady.

Taken at Station 459, 1998 fathoms (rare).

Polymorphina ohlonga, d'Orbigny.

Obtained at Station 346, 56 fathoms. This species has been taken in the North

Pacific as low down as 2050 fathoms.

Genus Uvigerina, d'Orbigny,

Uvigerina brunnensis, Karrer.

I have obtained this form (rare) in the material from Station 342, 1946 fathoms.

U. brunnensis is a rare species in the living state ; its only known records are

from Christmas Harbour, Kerguelen, 120 fathoms; and off" the western shores of

Patagonia, 245 fathoms.
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Uvigerina aculeata, d'Orbigny.

Obtained at Stations 342 and 459 (not abundant).

Uvigerina pygmaea, d'Orbigny.

This is the most common species of the genus ; it has been collected in all seas,

and at all depths from 2 to 2600 fathoms. I have obtained it in fair numbers from

Stations 451 (1741 fathoms) and 346 (56 fathoms).

Uvigerina asperula, Czjzek.

A few specimens of this species were taken at Station 459, 1998 fathoms.

U. asperula is a comparatively common species, and has been found from as far north

as lat. 56° and as far south as lat. 52°. It was obtained by the Challenger Expedition

in the Antarctic at 2600 fathoms.

Uvigerina angulosa, Williamson.

This characteristic form was obtained in fair abundance at Station 346, 56 fathoms.

It is a widely distributed form, and has been found as far north as lat. 70°, and as

far south as the Antarctic Continent, in depths ranging from 8 to 1375 fathoms.

Family OLOBIOERINID^, Ehrenberg.

Genus Globigerina, d'Orbigny.

Glohigerina dutertrei, d'Orbigny.

This robust dwarfed variety apparently takes the place of Glohigerina bulloides in

the Antarctic Seas. I have found this species in smaller or greater numbers in most

of the deposits obtained by the Scotia Expedition, at no less, than fifteen of the twenty

-

four stations from which I have samples of the deposits, viz. Stations 286, 300, 313,

338, 342, 346, 387, 417, 418, 420, 421, 447, 451, 459, and 467.

Glohigerina pachyderma (Ehrenberg),

Dr H. B. Brady, in describing this species, states that it has not been taken

south of the Faroe Channel, I have examined a great number of specimens from the

Faroe Channel, Arctic and Antarctic Seas, and Southern Ocean, and can find no specific

characters difi'erentiating those taken by the Scotia from those found in the Faroe

Channel and Arctic Sea. 1 have obtained Glohigerina 'pachyderma more or less

abundantly from nine stations, viz, 300, 313, 338, 342, 346, 387, 417, 420, and 451.

Glohigerina bulloides, d'Orbigny.

Obtained at eight stations, viz. 338, 342, 346, 417, 421, 451, 459, and 467.

Glohigerina bulloides is the most common species of the genus. It has been taken in
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the living state by the plankton net wherever Foraminifera have been collected, all over

the world, and their tests form marine deposits from almost every latitude, down to

depths of nearly 3000 fathoms.

Globigerina injlata, d'Orbigny.

Obtained (fairly common) at Stations 342, 346, 451, 459, and 467.

Globigerina triloba, Reuss.

Obtained (few) at Stations 342, 459, and 467.

Globigerina digitata, H. B. Brady.

This delicate, beautifully formed variety was found (rare) at one station only, 459,

1998 fathoms. G. digitata is a rare species; its previous records are, three stations

in the South Atlantic, and six in the South Pacific. The Scotia station is the most

southern point at which this species has been. collected ; it is not known, so far as I am
aware, from the North Atlantic.

Globigerina conglobata, H. B. Brady.

A few specimens of this species were found at Station 459.

Globigerina sacculifera, H. B. Brady.

A number of specimens of this large tropical form were obtained at Station 459.

[It was also taken in plenty at Station 81, 18° 24' S., 37° 58' W., 36 fathoms, coral and

sand.]

Globigerina dubia, Egger.

This thick-shelled variety was obtained (rare) at Station 421, 2487 fathoms ; this is

the most southerly record for the species.

Globigerina (Orbulina) universa, d'Orbigny.

A few small specimens of this common form were obtained from Station 459, 1998

fathoms, and in moderate numbers from Stations 118, 2^, and 346, 56 fathoms.

Genus Pullenia, Parker and Jones.

Pullenia quinqueloba, Reuss.

This widely distributed species has been obtained from as far north as lat. 62° 6' N.,

and southward to the Antarctic Continent. Its range of depth extends from 30 to

2750 fathoms. It is found in abundance in the Faroe Channel, and has been taken

sparingly off the shores of the British Islands. I obtained Pullenia quinqueloba in

moderate numbers from the deposit taken at Stations 459 and 467.
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Pullenia sphasroides (d'Orbigny).

This cosmopolitan species was obtained (sparingly) from Stations 342, 420, 421,

447, 459, 467.

Pullenia ohliquiloculata, Parker and Jones.

This species was found (rare) at Stations 447, 451, 459, and 467. P. ohliquiloculata

is found in all the deep-sea deposits, but attains its fullest development in the tropical

and subtropical waters of mid-ocean. It has a comparatively wide distribution, but

the Scotia records are the most southerly from which it has been collected.

Family ROTALID^.

Sub-family SPIRILLININ^.

Genus Spirillina, Ehrenberg.

Spirillina ohconica, H. B. Brady.

This pretty little species was found at Station 346, 56 fathoms, in moderate numbers.

S. ohconica has hitherto been collected at three other localities only : off Prince

Edward Island, 50 to 150 fathoms; in Christmas Harbour, Kerguelen, 120 fathoms; and

in Nares Harbour, Admiralty Islands, 17 fathoms.

Spirillina tuberculata, H. B. Brady.

A few specimens of this species were obtained at Station 346. Like the former

species, S. tuberculata appears to flourish best in the Southern Ocean. I have collected

it in the Faroe Channel ; it is also recorded from one or two points oflf the British coast.

Sub-family ROTALIN^.

Genus Patellina, Williamson.

Patellina corrugata, Williamson.

Obtained (rare) at Station 346, 56 fathoms. This species has been found as far

as lat. 83° 19' N., in 72 fathoms, and as far south as off Heard Island, 150 fathoms. I

have taken it in the cold area of the Faroe Channel, in 365 fathoms.

Genus Discorbina, Parker and Jones.

Discorhina orbicularis (Terquem).

Found moderately common at Station 346, 56 fathoms.
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Discorbina rarescens, H. B. Brady.

A few specimens also obtained at Station 346.

Discorbina concinna, H. B. Brady.

This species was also taken (rare) at Station 346.

Discorbina parisiensis (d'Orbigny).

Obtained sparingly at Station 346. It was collected in abundance by the

Challenger off Kerguelen, 20 to 50 fathoms. D. parisiensis is also recorded from

off the Irish coast, and the Atlantic shores of France.

Genus Truncatulina, d'Orbigny.

Truncatulina tenera, H. B. Brady.

This rare little form was obtained from the deposits taken at Stations 342, 417,

451, 459, and 467. T. tenera would appear to prefer the deep water of the great ocean

basins. Its other known localities are one station in the North Atlantic, off the

Canaries, 620 fathoms ; and three in the South Pacific, near the coast of Chili and

Patagonia, 166 to 1375 fathoms.

Truncatulina pygmsea, Hantken.

Obtained (few) at Stations 300, 342, 420, 447, 459, and 467. T. pygmsea

is a typical deep-sea species ; it has been taken in the deposits from all the great ocean

basins, whenever they have been examined for Foraminifera, down to 3125 fathoms.

The Scotia records are the most southerly points from which this species has been

collected.

Truncatulina wuellerstorji (Schwager).

This species occurred sparingly at Stations 300, 417, 420, and 421. T. wuellers-

torji is a common form in the deep-sea oozes all over the great oceans.

Truncatulina ungeriana (d'Orbigny).

This species was found sparingly at Stations 313, 1775 fathoms, and 467,

2645 fathoms.

Truncatulina lobatula (Walker and Jacob).

This most common and widely distributed species I have obtained sparingly at

Stations 342, 346, 447, 451, 459, and 467.

Truncatulina dutemplei (d'Orbigny).

Taken sparingly at Stations 342, 1946 fathoms, and 459, 1995 fathoms.
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Truncatulina robertsoniana, H. B, Brady.

This handsome species (rare) was obtained at Station 451, 1741 fathoms.

Truncatulina ako7ieriana (d'Orbigny).

Obtained (rare) at Station 459, 1998 fathoms. This is a world-wide species, and is

often taken in very deep water,

Truncatulina tumidula, H. B. Brady.

Taken (rare) at Station 468, 2700 fathoms. This is a rare species, and has only

been collected at one other locality—in the red clay south of the Canaries, from

2740 fathoms, where it was taken in fair numbers.

Truncatulina haidingerii (d'Orbigny).

A few specimens of this species were found at Station 468.

Truncatulina tenuimargo, H. B. Brady.

Obtained sparingly at Station 417, 1410 fathoms, the most southerly record for

this species.

Truncatulina variabilis, d'Orbigny.

Taken (common) at Station 346, 56 fathoms. This wild-growing form is a common

species in the warmer waters of the sub-tropical and temperate seas, in shallow water

;

it has, however, been obtained in depths above 2000 fathoms. I have taken this species

as far north as the Faroe Channel.

Truncatulina rostrata, H. B. Brady.

A few specimens of this species were also obtained from Station 346. Its natural

habitat is in the shallow water in the vicinity of coral reefs and islands ; it has not

been obtained north of the tropics.

Genus Anomalina, d'Orbigny.

Anomalina polymorpha, Costa.

Obtained (rare) at Stations 420, 2620 fathoms, and (few) 346, 56 fathoms. This

species was found by the Challenger off Marion (Prince Edward) Island, 50 to 150

fathoms ; at three stations in the North Atlantic, 390 to 450 fathoms ; and at three

points in the South Pacific, 210 to 410 fathoms. The Scotia records are therefore

the most southerly points known for this species.

Anomalina grosserugosa (Gumbel).

Taken (rare) at Station 346, 56 fathoms.
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Genus Pulvinulina, Parker and Jones.

PulvinuUna crassa (d'Orbigny).

This species was obtained at Stations 342 (few), 451 (rare), and 459 (few).

Pulvinulina crassa has been taken as far north as lat. 54° 53' N., in depths ranging

from 725 to 2740 fathoms ; at seven or more points in the South Atlantic, 420 to 2350

fathoms ; and at many localities in the Pacific, from 150 to 2335 fathoms. The Scotia

records are the most southerly from which the species has been obtained.

Pulvinulina canariensis (d'Orbigny).

This common and widely distributed species was found at Stations 342, 451, 459,

467, and 468 in fair numbers. P. cano.riensis is a pelagic form in the living state.

Its distribution, however, is better seen from the dead tests or shells to be found in the

deposits of the ocean floor.

Pulvinulina truncatulinoides (d'Orbigny).

Obtained at Stations 342, 459, 467, and 468 (not common). P. micheliniana

is a pelagic species ; it attains its fullest development in the warmer waters of the

tropics, becoming dwarfed and stunted the farther north or south of the tropics it is

found. The Scotia records are the most southerly known.

Pulvinulina exigua, H. B. Brady.

This minute species, whose natural habitat is in the deeper waters of mid-ocean,

is never taken in any great numbers. It was found in the deposits from Stations 342

(few), 417 (common), 447 (few), 451, 459, 467, and 468 (few). The Scotia records are

the farthest south that P. exigua has ever been collected.

Pulvinulina karsteni (Reuss).

Obtained (rare) at Station 447 only. The best examples of P. karsteni have

been collected in the Arctic Seas, in shallow water ; the Scotia station is the

greatest depth that this species has been recorded from, and also the most southerly

point.

Pulvinulina elegans (d'Orbigny).

Obtained (few) at Station 342.

Pulvinulina umbonata, Reuss.

Taken very sparingly at Station 346, 56 fathoms.

Pulvinulina favus, H. B. Brady.

This remarkable and comparatively rare species was taken at Station 459, 1998

fathoms, in its typical form, although somewhat dwarfed, with its test beautifully
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ornamented with " honeycomb "-like reticulations. P. favus is a typical deep-water

species, and is found most abundantly in the South Pacific, between the equator

and lat. 42° 43' S. The farthest north record of its occurrence is the Challenger's,

about eight degrees north of the equator. The Scotia station is therefore the most

southerly. Its bathymetrical range is from 1375 to 2600 fathoms.

Genus Rotalia, Lamarck.

Rotalia soldanii, d'Orbigny.

Obtained at Stations 342 (common), 447 (rare), 467, and 468 (few). R. soldanii

is a typical deep-sea form, and has a world-wide distribution, extending from lat. 60° N.

to as far south as the Antarctic Continent.

Family NUMMULINID^.

Sub-family POLYSTOMELLIN^.

Genus Nonionina, d'Orbigny.

Nonionina pompilioides (Fichtel and Moll).

This typical deep-water form was found sparingly at Stations 286, 342, 447, and

467. N. pompilioides has been collected from most of the deep-water areas all over

the world.

Nonionina umbilicatula (Montagu).

This cosmopolitan form was taken at Stations 447, 451, 459, 467, and 468, although

not in any numbers ;
its bathymetrical range extends from 30 to 3125 fathoms or

deeper.

Nonionina stelligera, d'Orbigny.

A few specimens of this somewhat rare species were obtained from Station 417,

1410 fathoms; this is the farthest south record, and the greatest depth at which the

species has been collected.

Nonionina houeana, d'Orbigny.

This shallow-water form was taken at Station 346, 56 fathoms, in moderate

abundance.

Genus Polystomella, Lamarck.

Polystomella striatopunctata (Fichtel and Moll).

This very common species was taken in quantities at Station 118, 2^ fathoms.

Polystomella macella (Fichtel and Moll).

Obtained (common) at Station 118.
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Polystomella imperatrix, H. B. Brady,

Taken (rare) at Station 118. P. imperatrix is by no means a common species,

but is the largest and most handsome of all the Polystomellse. So far as I am aware,

it has not been found north of the equator.

Polystomella crispa (Linn^).

This common cosmopolitan species was obtained in abundance at Station 346,

56 fathoms.

Polystomella verriculata, H. B. Brady.

This rare species was also taken very sparingly at Station 346. P. verriculata

has hitherto only been found at two points on the west coast of Australia, namely, off

East Moncoeur Island, 38 fathoms ; and in Curtis Strait, Queensland, by the Challenger

Expedition.

COMPARATIVE VIEW OF THE MORE PROMINENT FORAMINIFERA
OBTAINED FROM THE VARIOUS SAMPLES OF DEPOSITS EXAMINED.

As the material in most cases was insufficient to give a full representation of the

Foraminiferal fauna, reference is made only to the main features of the groups

actuallv found.

In the case of Stations 313 and 420, where the material was abundant, full lists are

given, as these stations (with certain exceptions, referred to under the individual

stations) may be taken as representative of the northern and southern parts of the

glacial deposit area in the Weddell Sea.

Station 118, Stanley Harbour, Falkland Islands.

Depth 2^ fathoms ; bottom temperature 52° F. A dark brown mud with a

greenish tint, containing 27 per cent, of lime from calcareous organisms of various kinds.

The chief Foraminifera are Bulimina elegantissima, Rotalia karsteni, and PolystoTnella

striatopunctata. Pi'oteonina difflugiformis, Trocham,mina nitida, and T. nana

represent the arenaceous forms.

Station 286, lat. 68" 11' S., long. 34*^ 17' W.

Depth 2488 fathoms; bottom temperature 31°'3 F. A greenish-gray unctuous

glacial clay, gritty to the touch, containing 5 per cent, of lime.

An insufficient quantity of the deposit was available for a complete estimation of

the Foraminiferal fauna. The only species found in the sample examined are Cassidu-
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Una suhglohosa, Glohigerina dutertrei, G. pachyderma. and Nonionina pompilioides.

This station is not far from Station 291, which yielded a more extensive collection ; and

it is probable that, if a larger quantity of material had been obtained, it would have

been found to be rich in the arenaceous types.

Station 291, lat. 67° 33' S., long. 36' 35' W.

Depth 2500 fathoms. A greenish-gray gritty glacial mud with rock-fragments.

The sample examined consisted of washings from the mud taken in the trawl, the

finest mud and everything under ^^ inch in size being washed away.

The Foraminifera belong almost entirely to the Arenacea. Astrorhiza crassatina

is present in abundance, together with A. arenaria, Saccammina, Thurammina,

Reophax, Hyperammina, Hormosina, Haplophragmoides, and Ammologena. The

only calcareous form found was one or two specimens of Miliolina hucculenta.

Station 295, lat. 66° 40' S., long. 40° 35' W.

Depth 2425 fathoms; bottom temperature 31°"3 F. A bluish-gray gritty glacial

clay. Only a very small quantity came to me for examination, so that nothing definite

can be said about the general facies of the Foraminiferal fauna. The only two species

found were Astrorhiza crassatina, fragments, common, and Hormosina globulifera, a

few specimens.

Station 300, lat. 65° 29' S., long. 44° 06' W.

Depth 2500 fathoms; bottom temperature 32°'l F. A fairly tough gray glacial

clay with gritty particles, containing 2 per cent of lime.

A large amount of material was not available for examination, but the following

Foraminifera were found :

—

Proteonina dijffiugiformis, Haplophragmoides subglobosum,

H. trulissatum, Cyclammina pusilla, Glohigerina dutertrei, G. pachydermia, and Trun-

catulina pusilla.

Station 301, lat. 64° 48' S., long. 44' 26' W.

Depth 2485 fathoms; bottom temperature 31°'2 F. A dark grey glacial mud

w^ith rock-fragments. A trace of lime. Only a very small amount available for

examination.

The Foraminifera found were Saccam^mina sphserica (attached to a rock-fragment),

- Bathysiphon Jiliform,ts, Reophax nodulosa, and R. pilulifera.

Station 313, lat. 62° 10' S., long. 41° 20' W.

Depth 1775 fathoms; bottom temperature 31°0 F. A bluish-gray, only slightly

coherent glacial muddy sand, containing 2 per cent, of lime. The material obtained

here from the trawl was large in amount, and, although a little of the finest material
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may have been washed away, the following list of the Foraminifera obtained is probably

fairly representative :

—

Miliolina huccvlenta, Br.

Astrorhi'za crassatina, Br.

Pelosina cylindrica, Br.

Saccammina socialis, Br.

,, spheerica, Sars.

Psammosphxra fusca, Sch.

Rhahdammina abyssorum, Sars.

Saccorhiza ramosa (Br.).

„ elongata (Br.).

Reophax nodulosa, Br.

„ piluUfera, Br.

,, dentaUniformis, Br.

„ inembranacea, Br.

Ammobaculites tenuimargo (Br.)

Haplophragmoides scitulum (Br.).

,,
rotulatum (Br.).

Cribrostomoides bradyi, Cush.

Trochamminu globigeriniformis (P. and J.).

Hormosina normani, Br.

Ammolagena davata (P. and J.).

Cyclammina pusilla, Br.

Gaudryina pseudofiliformis, Cush.

Glavulina communis, d'Orb.

Cassidulina subglobosa, Br.

Olobigerina dutertrei, d'Orb.

,,
pachyderma (Ehrng.).

Truncatulina ungeriana, d'Orb.

The Hormosina normani from this station are exceptionally large, several specimens

measuring fully |- inch across the final chamber. These were obtained from the wash-

ings of the mud taken by the trawl.

Station 337a, lat. 59° 46' S., long. 48° 02' W.

Depth 2110 fathoms. A brownish-gray sandy mud, on the border-line between a

glacial deposit and a Diatom ooze, with 1 per cent, of lime. Only a small amount

available for examination. The Foraminifera found, with the exception of one species,

all belong to the Arenacea:

—

Psammosphsera, Rhahdammina, Saccorhiza, Ammodiscus,

Haplophragmoides, Proteonina, Trochammina,Ammobaculites, Clavulina, Spiroplecta,

and Cristellaria.

Station 338, lat. 59° 23' S., long. 49° 08' W.

Depth 2180 fathoms. A Diatom ooze or volcanic sand (there being a large amount

of volcanic mineral particles mixed with the siliceous organisms). There is merely

a trace of lime. The Foraminifera found in the small amount available would indicate

a fairly rich Rhizopod fauna. The arenaceous forms are represented by Rhizam,m,ina,

Proteonina, Cyclammina, Ammobaculites, and Gaudryina ; the pelagic forms by

dwarfed Glohigerina bulloides, G. dutertrei, and G. pachyderma.

Station 342, lat. 56° 54' S., long. 56° 24' W.

Depth 1946 fathoms. A fine-grained Globigerina ooze containing 24 per cent, of

lime. There are numerous volcanic mineral particles.

This deposit gave a rich Foraminiferal fauna, no less than twenty -nine genera and

sixty species being obtained. The Miliolidse are represented by three genera,

Biloculina, Miliolina, and Spiroloculina . Among the arenaceous types, which are

represented by twelve genera, the more rare species Marsipella cylindrica,

Proteonina difflugiformis, Thurammina albicans, and Glohotextularia anceps are
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noteworthy. Textularida3, by Textvlaria, Gaudryina, Verneuilina, Ehrenhergina,

Clavulina, and CassiduUna, 9 species of Lagena, 1 Nodosaria, 1 Cristellaria,

2 Polymorphina, 2 Uvigerma, 5 Globigerina, with 1 PuUenia. Amongst the Rotalidse,

4 Truncatulina, 5 Fulviiiulina, 1 Rotalia. Lastly, 1 Nonionina— i.e. practically all

the types peculiar to a Globigerina ooze, of the South Atlantic and Southern Ocean.

Station 346, lat. 54° 25' S., long. 57° 32' W.

On the Burdwood Bank, depth 56 fathoms. The trawl brought up a large number

of masses of calcareous, shelly, and Foraminiferal sand with large colonies of Cephalo-

discus agglutinans ; and from these no fewer than eighty species belonging to twenty-

five difierent genera of Foraminifera were obtained. With a few exceptions, they are

all of typical Antarctic shallow-water character, but arenaceous types are conspicuous

by their absence, being represented by Trochammina nitida only.

The Miliolinidge are well represented by six genera and fourteen species, of which

Nubeculina hradyi, Miliolina fe^'ussacii, and Articulina funalis are typical Antarctic

species ; while it is of interest to have found here also Cornuspira foliacea, although

of comparatively small size, which occurs widely but reaches its best development in

the North Atlantic and North Sea.

The Textularidae are well represented by several species of Bulimina, CassiduUna,

and Ehrenhergina. The Lagense alone yield twenty-four species, the most common

being L. gracilis. Of the rarer species may be mentioned L. trigonomarginata, L.

hispida, and L. castrensis. Nodosaria gave five species ; Cristellaria four species
;

Polymorphina two, Uvigerina two, and Globigerina five.

The most abundant species observed in the sample are G. bulloides (typical),

G. dutertrei, Truncatulina variabilis, and Polystomella crispa. Three new species

are described, viz. Lagena hispidipholus, Polymorphina injiata, and Miliolina

dentistoma.

Station 387, lat. 65° 59' S., long. 33° 06' W.

Depth 2625 fathoms. A brown tenacious glacial clay, with a trace of lime. In

the small sample the only Foraminifera found are Proteonina dvfflugiformis,

Globigerina dutertrei, and G. pachyderma.

Station 416, lat. 71° 22' S., long. 18° 15' W.

Depth 2370 fathoms; bottom temperature 31°'5 F. A greenish-gray unctuous

glacial clay, with a trace of lime. Some two ounces of deposit yielded five genera of

arenaceous Foraminifera, viz. Psammosphxra, Gordiammina, Reophax, Haplophray-

moides, and Cyclammina. No pelagic or porcellanous forms were found.

Station 417, lat. 71° 22' S., long. 16° 34' W.

Depth 1410 fathoms ; bottom temperature 31°'9 F. A greenish-gray glacial mud,

with rock-fragments and glauconite grains, containing 4 per cent, of lime.
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Foraminifera fairly well represented, especially the larger arenaceous types, such

as Rhahdammina, Psammosphsera, Saccammina, Pelosina, Saccorhiza, Reophax,

Hormosina, Tolypamm.ina, Haplophragmoides, Trochammina, Cyclammina, several

Textularidse, several Lagense. Glohigerinse, tolerably abundant, especially the small,

rounded variety G. hulloides and G. dutertrei, together with TruncatuUna wuellerstorfi,

T. tenuimargo, T. tenera, Pulvinulina exigua, and Nonionina stelligera.

Station 418, lat. 71° 32' S., long. 17° 15' W.

Depth 1221 fathoms ; bottom temperature 31°'9 F; A glacial clay similar to that

from Station 417. Here also the quantity of material was insufficient to give a full

idea of the Foraminiferal fauna which may be expected to exist in this locality.

Those obtained are :
— Bathysiphon JUiformis, Psammosph^ra fusca, Reophax

nodulosa, Haplophragmoides rotulatum, Crihrostomoides bradyi, Clavulina com-

munis, Virgulma schreihersiana, Glohigerina dutertrei, and Cristellaria convergens.

Station 420, lat. 69° 33' S., long. 15° 19' W.

Depth 2620 fathoms; bottom temperature 31°'5 F. A brownish-gray gritty

glacial mud or clay. No lime in the sounding-tube sample. Some two pounds weight

of this deposit were prepared for examination, including trawl washings. The washing

away of the finest material from these may account for the absence of the more minute

Textularidse and Lagenidse which one might expect to obtain from this locality ; but

the richness in arenaceous species makes it desirable to print in extenso the species

obtained from this locality and extremely far south station. Several species show a

high development in form and size, especially in Reophax, Psammosphsera, and

Hormosina. Most of the more prominent genera of the Astrorhizidse are represented,

and no fewer than seven new species and a new variety are described.

List of Foraminifera from Station 420.

Technitella asciformis, sp. nov.

Rhizammina indivisa, Br.

Rhahdammina discreta, Br.

Biloculina ringens (Lamk.).

„ depressa, d'Orb.

Milioiina bucculenta, Br.

„ circularis (Born.).

„ bucculenta, var. placentiformis, Br.

Keramosphxra murrayi, Br.

Saccammina sphserica, M. Sars.

„ socialis, Br.

Sorosphxra confiisa, Br.

Psammosphsera fusca, Sch.

Astrorhiza arenaria, Norm.

Pelosina arborescens, sp. nov.

„ cylindrica, Br.

Syringammina viinuta, sp. nov.

Tholosina bulla (Br.).

Technitella raphanus, Br.

„ cornuta, Br.

Bathysiphon filiformis, M. Sars.

Hyperammina friabilis, Br.

„ subnodosa, Br.

Saccorhiza ramosa (Br.).

Achomonella catenata. Norm.

,, ramidiformis, Br.

Reophax nodulosa, Br.

,,
pilulifera, Br.

,, adunea, Br.

,, rohustum, sp. nov.

Hormosina globulifera, Br.

„ irregularis, sp. nov.
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List of Foraminifera from Station 420—continued.

Webbinella hemisphxrica (P. and J.).

Crithionina pisum, var. hispida, Flint.

Thurammina papillata, Br.

,, favosa, var. reticulata, var. nov.

Tolypammina vagans (Br.).

Awmolagena clavata (P. and J.).

Haplophragmoides trnUissata (Br.).

„ glomeratum (Br.).

„ rotulatum (Br.).

„ umbilieatum, sp. nov.

,, subgloboswn (G. 0. S.).

Cribrostomoides bradyi, Cushn.

Cyclammina cancellata, Br.

,,
pusilla, Br.

,,
contorta, sp. nov.

Ammobaculites tenuimargo (Br.).

Placopsilina vesicularis, Br.

Glohigerina dutertrei, d'Orb.

,,
pachyderma (Ehrng.).

Pullenia sphseroides (d'Orb.).

Truncatulina wuellerstorfi (Sch.).

„ pygmsea, Hantk.

Anomalina polymorpha, Costa.

Station 421, lat. 68° 32' S., long. 10° 52' W.

Depth 2487 fathoms ; bottom temperature 31°'5 F. A glacial clay similar to that

from Station 420, but containing 5 per cent of lime. Only a small quantity was

received for examination, in which the following were observed :

—

Glohigerina buUoides,

G. dutertrei, G. duhia, Pullenia sphseroides, and Truncatulina wuellerstorfi.

Station 438, lat. 56° 58' S., long. 10° 03' W.

Depth 2518 fathoms. A Diatom ooze with a large amount of volcanic mineral

particles. Slight traces of lime.

Only a very small quantity was sent me, and the only Foraminifera found were one

specimen of Cyclammina pusilla and a few Glohigerina dutertrei.

Station 447, lat. 51° 07' S., long. 9° 31' W.

Depth 2103 fathoms. A typical Diatom ooze containing 9 per cent of lime.

Foraminifera well represented, including : 2 Miliolidse, 11 genera of the arenaceous

types, 3 Textularidae, 4 species of Lagena, including the rare forms L. staphyllearia

and L. feildeniana ; Glohigerina dutertrei moderately abundant ; 3 species of Pullenia,

2 of Truncatulina, 2 of Pulvinulina, 1 Rotalia, and 2 of Nonionina.

Station 451, lat. 48° 06' S., long. 10° 05' W.

Depth 1741 fathoms. A deposit transitional in type between Diatom ooze and

Glohigerina ooze, containing 55 per cent, of lime and 30 per cent, of siliceous

organisms.

The (rlobigerinidse are the predominating types present, the only two arenaceous

forms found being Proteonina dijfiugiformis and Gordiammina charoides. The

characteristic feature of the Foraminifera from this station is the presence of the more

northern types, such as Bolivina nohilis, B. reticulata, Bulimina aculeata, B. huchiana,
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Uvigerina pygmsea, Truncatulina lohatula, Pulvinulina canariensis, and P. crassa,

with Nonionina umhilicatula.

Station 459, lat. 41° 30' S., long. 9° 55' W.

Depth 1998 fathoms. A typical South Atlantic fine-grained Globigerina ooze,

containing 71 per cent of lime.

Only a small quantity available for examination, but this yielded a somewhat long

and interesting list of Foraminifera. Amongst the most noteworthy of these are as

follows:—The strictly arenaceous types are but sparingly represented, Reophax distans,

Proteonina dijfflugiformis , Crihrostomoides hradyi, Ammochilostoma galeata, and

Spiroplecta americana ; 9 species of Miliolininse—amongst these are BilocuUna

serrata, B. murrhpna, and B. tuhulosa, all deep-sea types. Textularidae are represented

by 9 species, and Lagenidse by no less than 23 species, among which may be noted as

the rarer forms L. stelligera, L.feildeniana, and L. truncata. The Globigerinidse, which

make up the greater portion of this deposit, are represented by 1 1 species ; the small

varieties of G. bidloides and G. dutertrei are by far the most abundant. G. sacculifera,

G. conglobata, and Pullenia ohliquiloculata, with Pulvinulina micheliniana, and

P. canariensis, types of the warmer-water areas of tropical seas, are met with here in

a more or less dwarfed and stunted condition.

Station 467, lat. 40° 08' S., long. 1° 50' E.

Depth 2645 fathoms. A Grlobigerina ooze containing 46 per cent of lime. A
considerable variety of Foraminifera was obtained from this deposit, though the

specimens are few in numbers, and of small dimensions individually. The genera

represented are BilocuUna, Miliolina, Proteonina, Crih'ostomoides, Cyclammina,

Ammohaculites ; Textularia, Gaudryina, Bolivina, Virgulina, Cassidulina, and

Lagena, which are represented by ten species chiefly of the smaller deep-water types
;

also Nodosaria and Cristellaria, Globigerina by four species, with Pullenia, Trun-

catulina, Pulvinulina, Rotalia, and Nonionina.

Station 468, lat. 39° 48' S., long. 2° 33' E.

Depth circa 2645 fathoms. This deposit is somewhat similar in composition to that

obtained at Station 467, but with only 40 per cent of lime. The Foraminifera

obtained here are fewer, with regard to the bottom-living forms. Globigerina

bidloides and G. injlata, however, are more abundant, while Truncatulina would

appear to take the place of Lagena, so far as numbers of species go. The arenaceous

types are represented by Psarnmosphserafusca, Rhabdammina discreta, emd Po^oteonina

difflugiformis, while the higher forms are absent.
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APPENDIX.

List of Foraminifera obtained from Station 81, Lat. 18° 24' S., Long. 37° 58' W.,

ON THE AbROLHOS BaNK, OFF THE COAST OF BrAZIL.

The sounding-tube went down on hard ground and came up empty. From the

deposit taken in the dredge, which was very much torn, and from the attached swabs,

the following Foraminifera were obtained, along with other organisms :

—

Family MILIOLIDM

Sub-family MILIOLININtE.

Genus Biloculina, d'Orbigny.

Biloculina ringens (Lamarck).

A few of this cosmopolitan species. Also found at three other Scotia stations.

Biloculina laevis (Defrance).

A few specimens of this somewhat rare form.

• Genus Spiroloculina, d'Orbigny.

Spiroloculina limhata, d'Orbigny.

Rare. Also found at Station 342.

Genus Miliolina, Williamson.

Miliolina separans, H. B. Brady.

Eare.

Miliolina sclerotica (Karrer).

Rare.

Miliolina seminulum (Linn6).

A few examples of this very common species. Also found at Station 346.

Sub-family HAUERININiE.

Genus Articulina, d'Orbigny.

Articulina sulcata, Reuss.

A few specimens of this form, whose natural habitat is in comparatively shallow

water in the vicinity of coral islands in tropical and sub-tropical seas.

1
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Sub-family PENEROPLlDINiE.

Genus Peneroplis, Montfort.

Peneroplis pertusus (Forskal).

Specimens of the narrow compressed variety [Peneroplis arietinus (Batsch)) were

found in moderate numbers. This species is one of the most common Foraminifera in

the shallow waters of tropical seas, and is found as far north as the Mediterranean,

Family ASTRORHIZIDM

Sub-family HYPERAMMININ^.

Genus Sagenina, Chapman.

Sagenina fi'ondescens (H. B. Brady).

A few specimens of this interesting parasitic species were found attached to

calcareous algae and shell-fragments. It is a more or less common form in the shallow

waters of the eastern tropical seas, more especially in the areas of coral reefs and islands,

but is worthy of note to have been obtained off the coast of Brazil.

Family TEXTULARIIDM.

Sub-family TEXTULARIIN^.

Genus Textularia, Defrance.

Textularia conica, d'Orbigny.

A few specimens. This species is widely distributed, especially in the coral seas of

tropical and sub-tropical regions. It was also obtained at Station 342.

Sub-family VERNEUILININ.E.

Genus Verneuilina, d'Orbigny.

Verneuilina spinulosa, Reuss.

Rare. This species is well known as a tropical or sub-tropical shallow-water form.

Genus Clavulina, d'Orbigny.

ClavuUna parisiensis, d'Orbigny.

A few specimens. This species is a common form in West Indian seas, in compara-

tively shallow water. A fine-grained smooth variety was obtained by the Challenger

in the North Pacific in 3125 fathoms.
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YQ.mi\j LAGENIDJE.

Sub-family NODOSARIN^.

Genus Cristellaria, Lamarck.

Cristellaria rotulata (Lamarck).

A few specimens of this fine species, which has a wide distribution, extending from

as far north as lat. 79° 45' to as far south as Tierra del Fuego. Its range of depth is

from the littoral zone to 2200 fathoms. I have taken the species in its fullest develop-

ment in the Faroe Channel, in 555 fathoms.

Rare.

Common.

Common.

Common.

A few.

Cristellaria tenuis (Bornemann).

Family GLOBIGERINIDM.

Genus Globigerina, d'Orbigny.

Glohigerina hulloides, d'Orbigny.

Globigerina sacculifera, H. B. Brady.

Glohigerina rubra, d'Orbigny.

Globigerina (Orbulina) universa, d'Orbigny.

Family ROTALIDjE.

Sub-family ROTALINiE.

Genus Cymbalopora, Hagenow.

Cymbalopora [Tretomphalus) hulloides (d'Orbigny).

A few specimens of this curious form. Not known outside the tropical and sub-

tropical seas ; as a pelagic form it has been taken in great numbers in the regions of

coral reefs and islands.

Genus Truncatulina, d'Orbigny.

Truncatulina reticidata (Czjzek).

In fair numbers.

Genus Carpenteria, Gray.

Carpenteria utricularis, Carter.

Rare. A tropical shallow-water form, always found adhering to various marine

organisms.
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Genus Pulvinulina, Parker and Jones.

Pulvinulina canariensis (d'Orbigny).

A few. Found at several other Scotia stations.

Pulvinulina ohlonga (Williamson).

A few.

Pulvinulina repanda (Fichtel and Moll).

A few specimens of this common shallow-water form.

Pulvinulina elegans (d'Orbigny).

A few. Also found at Station 342.

Pulvinulina umhonata, Reuss.

Also at Station 346.

Sub-family TINOPORIN^..

Genus Gypsina, Carter.

Gypsina globulus (Reuss).

Small numbers of this interesting shallow-water form were obtained.

Genus Polytrema, Risso.

Polytrema miniaceum (Pallas).

Common attached to shell-fragments, etc. This species is a common shallow-water

form in temperate and tropical seas. Although mainly found in shallow water, it was

collected by the Challenger naturalists in the Atlantic at a depth of 1000 fathoms.

With other adherent Foraminifera, it plays an important part in building up the lime-

stone rocks of coral reefs and islands.

Genus Homotrema, Hickson.

Homotrema ruhriim (Lamarck).

Rare.

Genus Sporadotrema.

SporadoU'ema cylindricum (Carter).

Fragments of the basal and distal portions of this large parasitic form are of interest

from this locality.
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Family NUMMULINID/E.

Sub-fomily POLYSTOMELLINyE.

Genus Nontonina, d'Orbigny.

Nonionina umhilicatula (Montagu).

Common. Also found at several other Scotia stations.

Sub-family NUMMULITINiE.

Genus Amphistegina, d'Orbigny.

Amphistegina lessonii, d'Orbigny.

Common.
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EXPLANATION OF PLATES.

Plate I,

Figs. 1-3, Pelosina arborescens, n. sp.

Fig. 1. General aspect of the test of a living specimen, showing the oral apertures of seven of the

arborescent tubes surrounded by sarcode and expanded pseudopodia. From Loch Fyne, west coast of

Scotland, 107 fathoms, x 2.

Fig. 2. Portion of test from near the base of the arborescent tubes, laid open to show the thickness of

the walls, x 8.

Fig. 3. Transverse section across the tubular neck of test, filled with granulated sarcode, viewed by

transmitted light. x 15.

Figs. 4-5, Pelosina arborescens, n. sp.

Fig. 4. A broken specimen with fragments in position ; the spaces between indicate where fracture

took place. From Station 420, Weddell Sea, 2620 fathoms. x 5.

Fig. 5. A portion of the test from near the base of the branching tubes, open transversely, showing the

thickness and character of the wall. x 6.

Figs. 6-10, Reopltax robustus, sp. nov.

Figs. 6, 7, 8 represent three stages of development, and show the robust external character of test, and

selective power shown by the organism of the building material. x 25.

Fig. 9. Younger specimen with test laid open longitudinally to show interior and comparative smooth-

ness of the chambers. x 25.

Fig. 10. End view of last chamber to show aperture. x 25.

Figs. 11-12, Thuranimina favosa, var. reticulata, var. nov.

Fig. 11. Showing general aspect of test. x 25.

Fig. 12. A specimen laid open to show thickness of wall and the smooth interior. x 25.

Figs. 13-15, Hormosina irregularis, n. sp.

Fig. 13. Specimen showing the lateral aspect of test and the irregularity in forming the chambers, x 25.

Fig. 14. Younger specimen composed of two chambers only. x 25.

Fig. 15. Specimen with one chamber laid open to show the thickness of wall, and aperture from the

interior side. x 25.

Plate II.

Figs. 1-2, Syringammina minuta, sp. nov.

Fig. 1 . Specimen showing general aspect, attached to a crystal of quartz (sercone), with tubular offshoots,,

adding to the rigidity of the test. x 30.

Fig. 2. Portion of a radial section, showing at a a the concentric reticulated portions. x 50.
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Figs. 3-4, Technitella ascifonnis, sp. nov.

Fig. 3. Specimen showing lateral aspect. x 30.

Fig. 4. Oral end of the test, showing grooved neck and everted lip. x 35.

Figs. 5-7, Cyclammina contortum, sp. nov.

Fig. 5. Typical specimen, showing lateral aspect. x 25.

Fig. 6. Showing peripheral aspect. x 25.

Fig. 7. Specimen laid open horizontally to show the internal structure, x 30.

Figs. 8-10, Haplophragmoides umhiUcatum, sp. nov.

Fig. 8. Typical specimen, showing lateral aspect. x 30.

Fig. 9. Peripheral aspect. x 25.

Fig. 10. Specimen laid open horizontally to show internal structure. x 30.

Figs. 11-13, Lagena hispidi2)holus, sp. nov.

Fig. 11. Specimen showing superior aspect. x 35.

Fig. 12. Specimen showing inferior aspect. x 40.

Fig. 13. A subangular variety with keeled margin. x 35.

Figs. 14-16, Polymorphina inflata, sp. nov.

Figs. 14, 15. Lateral aspect, x 30.

Fig. 16. Oral aspect. x 30.

Figs. 17-19, Miliolina dentistoma, sp. nov.

Figs. 17, 18. Lateral aspect, x 30.

Fig. 19. Oral aspect. x 30.
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